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SUMMARY 


Studies  were  designed  to  examine  the  molecular  basis  of  infectivity,  cytopathogenicity  and 
genomic  activation  of  HIV-1,  with  the  particular  emphasis  on  examining  the  factors  relevant  to  the 
design  of  treatment  and  vaccine  programs  for  combating  HIV-1  infection.  Three  parallel 
approaches  were  followed  in  the  course  of  this  work.  The  results  of  this  work  can  be  summarized 
as  follows: 

1 .  In  order  to  obtain  a  better  understanding  of  viral  gene  function  involved  in  cell  killing,  a 
series  of  HIV-1  viral  deletion  mutants  were  generated  and  the  biological  consequences  of  these 
mutations  were  examined  by  transfection  into  recipient  host  cells.  Our  results  have  shown  that 
mutations  in  vif  result  in  the  production  of  morphologically  normal  virus  particles,  but  which  are 
deficient  in  cell-free  (but  not  cell-to-cell)  transmission  to  permissive  cells.  Mutations  in  the 
carboxy  region  of  gp41  result  in  dramatic  changes  in  the  cell-to-cell  transmission  and  cytopathic 
properties  of  the  virus.  Mutations  in  the  5'  region  result  in  packaging  defective  genomes  which 
lead  to  the  formation  of  morphologically  normal  viral  particles  which  are  devoid  of  viral  RNA  and 
exhibit  diminished  infectivity. 

2 .  The  molecular  mechanism  of  transactivation  by  Tat  was  examined  to  elucidate  the  events 
that  trigger  the  transition  from  a  low  level  latent  infection  to  productive  HIV-1  replication. 
Mutation  studies  have  identified  an  enchancer  element,  an  Sp-1  binding  site,  and  a  tat  response 
region  (TAR)  within  the  HIV-1  LTR.  Additional  studies  of  Tai  activity  demonstrated  direct 
binding  of  Tat  to  TAR  RNA,  a  synergistic  stimulation  of  LTR  by  Tat  and  mitogens,  and  both 
transcriptional  and  postranscriptional  activation  mechanisms  by  Tat. 

3 .  The  genome  organization  of  several  related  retroviruses,  including  SIV  and  HIV-2  were 
examined  to  allow  a  comparison  of  the  underlying  differences  in  their  cytopathicity,  and  to 
determine  the  suitability  of  these  genomes  for  use  in  an  animal  model  for  AIDS.  An  HTV-2  isolate 
(HIV-2sbl/ISy)  capable  of  propagating  in  a  variety  of  Iymphotropic  cell  lines  and  infecting  and 
killing  cultured  T-cells  from  Rhesus  macaques  was  obtained  and  characterized.  Rhesus  macaques 
infected  with  this  isolate  were  shown  to  be  infected  as  detected  by  antibody  production,  cultivation 
of  PBLs  followed  by  Reverse  Transcriptase  activity,  and  by  the  Polymerase  Chain  Reaction 
Assay.  This  HIV-2  isolate  may  be  suitable  for  use  in  an  animal  model  for  AIDS,  and  studies  in 
characterizing  this  model  have  been  initiated. 
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Citations  of  commercial  organizations  and  trade  names  in  this  report  do  not  constitute  an 
official  Department  of  the  Army  endorsement  or  approval  of  the  products  or  services  of  these 
orgainizations. 

In  conducting  the  research  described  in  this  report,  the  investigator(s)  have  abided  by  the 
National  Institutes  of  Health  Guidelines  for  Research  Involving  Recombinant  DNA  Molecules 
(April  1982)  and  the  Administrative  Practices  Supplements. 
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I.  BODY  OF  THE  REPORT 


STATEMENT  OF  PROBLEM 

Acquired  Immune  Deficiency  Syndrome  (AIDS)  is  a  progressive,  incurable  disease,  which 
attacks  the  victims'  immune  system  leaving  him  vulnerable  to  a  variety  of  opportunistic  diseases 
which  inevitably  results  in  death.  The  causative  agent  of  AIDS  has  been  shown  to  be  infection 
with  the  human  immune  deficiency  virus  (HIV)  a  human  retrovirus  which  selectively  infects,  and 
eventually  kills  OKT4+  helper/inducer  lymphocyte  cells  which  play  a  critical  role  in  the  regulation 
of  the  immune  response.  In  spite  of  the  relatively  small  viral  genome  (approximately  10  kb),  HIV- 
1  induces  a  variety  of  functions  and  complex  viral-host  interactions  whose  expression  is  tightly 
regulated.  Initial  infection  with  HIV-1  may  produce  no  symptoms  in  the  host  as  the  virus  enters  a 
quiescent  or  dormant  stage.  The  virus,  however,  can  become  reactivated  up  to  several  years  after 
the  initial  infection,  with  devastating  effects.  The  rapid  spread  of  AIDS  in  the  U.S.  and  worldwide 
has  led  to  extensive  efforts  to  develop  therapy  regimens  for  those  already  infected  with  HIV  and 
to  develop  vaccines  to  protect  populations  at  risk  for  the  disease.  A  clear  understanding  of  the 
biological  complexities  of  HIV  infections  and  the  molecular  basis  of  viral  gene  regulation, 
formation  and  transmission  of  viral  particles,  and  cytopathogenicity  is  essential  for  designing 
systematic  approaches  to  the  development  of  appropriate  vaccines  and  therapies  for  combating 
AIDS. 

In  the  course  of  this  contract,  we  examined  the  genomes  of  HIV-1  and  related  retroviruses 
and  attempted  to  relate  specific  viral  sequences  to  the  functions  they  induce.  The  DNA  sequence  of 
a  number  of  HIV-1,  HIV-2  and  SIV  isolates  was  determined  and  analyzed  in  terms  of  its  genome 
organization,  coding  capacity,  and  relationship  to  the  other  isolates.  The  biological  parameters  of 
infection  were  examined  by  using  cloned  viral  DNA  sequences  to  infect  a  cell  culture  system  which 
provided  an  in  vitro  model  for  AIDS.  Specific  mutations  were  introduced  in  the  non-structural 
portion  of  the  viral  genome  and  the  consequences  of  these  mutations  examined  in  terms  of  the 
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biological  expression  upon  infection  into  permissive  host  cells.  The  work  carried  out  in  the  course 
of  this  contract  was  divided  into  3  major  sections. 

Section  1:  Cloned  viral  DNAs  containing  deletion  mutations  in  various  portions  of  the  viral 
genome  were  used  to  transfect  permissive  cells.  The  formation  of  infectious  virus  particles, 
transmission  to  uninfected  cells,  and  cell  killing  properties  of  the  resulting  mutant  viruses  were 
analyzed,  allowing  us  to  dissect  the  molecular  basis  of  viral  gene  functions. 

Section  2:  The  molecular  mechanism  of  viral  gene  activation  was  examined  at  the  level  of 
LTR-tat  interactions.  Using  a  series  of  deletion  mutations  and  cloned  viral  DNA  constructs  in  in 
vitro  model  systems  for  activation,  a  variety  of  viral,  cellular,  and  environmental  factors  which  are 
involved  in  viral  gene  activation  were  examined. 

Section  3:  The  DNA  sequence  of  a  number  of  isolates  of  HIV-2  and  SIV  was  determined 
and  compared  to  that  of  HIV-1.  These  differences  were  analyzed  with  respect  to  the  observed 
differences  in  the  biological  properties  of  these  isolates,  particularly  with  respect  to  cytopathicity. 
The  suitability  of  these  isolates  for  use  in  animal  models  for  AIDS  was  also  considered. 

BACKGROUND 

The  human  immune  deficiency  virus  (HIV),  a  cytopathic  retrovirus,  is  implicated  to  be  the 
causative  agent  of  the  acquired  immune  deficiency  syndrome  (AIDS),  by  seroepidemiology,  virus 
isolation,  and  molecular  epidemiology  (1,2).  Infection  with  HIV-1  in  vivo  is  usually  associated 
with  an  asymptomatic  interval  which  frequently  lasts  from  several  weeks  to  several  years  followed 
by  a  progressive  degeneration  of  the  immune  and  central  nervous  systems  (3-6).  HIV-1  virus 
selectively  infects  and  kills  OKT4+  helper/inducer  lymphocytes  which  play  a  critical  role  in  the 
regulation  of  the  immune  response  (7).  Viral  replication  involves  the  formation  of  an  intermediate 
"provirus"  stage  in  which  a  double  stranded  copy  of  the  viral  genome  integrates  into  the  host 
chromosome.  This  provirus  can  then  remain  in  an  inactive,  quiescent  stage  or  serve  as  the  source 
of  active  viral  replication  following  activation.  The  selective  depletion  of  the  OKT4  cells  in  the 
peripheral  blood  upon  activation  of  the  viral  genome  apparently  leads  to  the  observed 
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immunodeficiency  in  the  latter  stages  of  the  disease,  such  that  the  infected  individual  becomes 
susceptible  to  opportunistic  infections  and  dies. 

Extensive  immunologic,  genetic  and  molecular  analysis  of  the  HIV-1  retrovirus  in  the  last 
few  years  has  shown  the  viral  genome  to  be  far  more  complex  than  that  of  most  known 
retroviruses.  The  HIV-1  genome  consists  of  a  9.7  kilobase  RNA  molecule  in  which  nine  genes 
have  been  identified  to  date.  In  addition  to  the  structural  genes  for  the  core  proteins  (gag),  the  viral 
enzymes  (poll,  and  the  envelope  glycoproteins  (env).  several  accessor}'  genes  have  been  identified 
either  serologically  or  as  open  reading  frames  in  the  viral  DNA  (8,  Table  1).  These  accessory 
genes  include  the  regulatory  proteins  iai,  I£Y  and  nef.  the  viral  infectivity  factor  vif,  and  two 
proteins  of  lesser  defined  function  vpu  and  vpr  (9-13).  Sequential  expression  of  the  regulatory 
genes  induces  modulation  of  viral  expression  which  appears  to  be  the  key  event  in  determining 
viral  replication  and  latency.  Two  gene  products  (lal  and  rev)  have  been  shown  to  directly 
modulate  viral  expression  via  transcriptional  (tat)  and  post-transcriptional  (fat  and  rev)  mechanisms 
(10).  The  transactivator  gene  (tat)  is  critical  for  virus  replication  and  enhances  transcription  of 
genes  linked  to  the  long  terminal  repeat  (LTR)  (11).  The  i£Y  gene  (formerly  known  as  an  and  £rs) 
positively  regulates  the  expression  of  structural  proteins  but  negatively  regulates  the  regulatory 
proteins  including  itself  (12).  In  turn,  the  nef  (formerly  called  3'  mf)  gene  product  is  a  negative 
regulator  of  viral  expression  (13).  The  vif  (formerly  known  as  sor)  gene  product  is  essential  for 
the  efficient  propagation  of  extracellular  virus  in  target  human  cells  in  vitro.  The  function  of  the 
v£I  gene  product  has  not  yet  been  well  characterized,  but  it  appears  to  be  non-essential  for  viral 
replication  in  vitro.  Vpu  encodes  a  16  kd  protein  and  its  expression,  like  vpr,  does  not  appear  to 
be  required  for  viral  replication  (9).  The  interaction  of  these  virus  products  with  cellular  host 
factors  is  a  very  complex  one.  A  better  understanding  of  these  interactions  will  help  facilitate  the 
development  of  vaccines  and  therapies  to  combat  HIV-1  infections. 

The  molecular  basis  of  HIV- 1  gene  expression  can  be  studied  in  an  in  vitro  model  system  for 
AIDS,  in  which  the  virus  can  be  propagated  in  PHA  stimulated  peripheral  blood  lymphocytes 
(PBL's)  or  in  a  variety  of  lymphoid  cell  lines  (14).  Molecularly  cloned  proviral  DNA  can  be 
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transfected  into  these  cultured  cells  to  generate  infectious  virions  and  cytopathic  effects  in  vitro 
which  are  indistinguishable  from  virus  obtained  by  cocultivation  of  permissive  cells  with  the 
PBL's  of  AIDS  patients  (15).  Such  studies  with  a  cloned  viral  DNA  have  provided  direct  evidence 
that  a  product  of  the  HIV  genome  mediates  cell  killing.  Genetic  manipulation  to  alter  defined 
portions  of  the  HIV-1  DNA  clone  using  standard  recombinant  DNA  techniques  have  permitted 
detailed  studies  of  the  viral  determinants  of  pathogenicity,  transmission,  and  other  viral  functions, 
and  these  approaches  have  been  used  in  the  present  study. 

Expression  of  the  HIV-1  genome  is  tightly  regulated  by  the  activity  of  several  viral  genes  and 
regulatory  sequences.  The  lai  gene  located  between  the  yrf  and  env  genes  has  been  reported  to 
enhance  transcription  of  genes  linked  to  the  long  terminal  repeats  LTR’s  in  infected  cells  (lai 
response),  and  presumably  plays  a  central  role  in  HIV-1  gene  activation  (11).  The  gene  is 
expressed  as  a  1. 9-2.0  kb  mRNA  generated  by  two  splicing  events  and  has  many  similarities  to  the 
corresponding  iai  gene  in  HTLV-I  and  HTLV-II  (20).  However,  whereas  the  M I  and  II  proteins 
are  reported  to  enhance  transcription,  the  i&£  in  gene  product  was  shown  to  enhance  expression  of 
protein  at  a  post  transcriptional  level  (21).  Another  gene  designated  aE  or  ns,  possibly  expressed 
from  the  same  mRNA  which  encodes  the  lal  gene,  also  regulates  HIV-1  virus  expression  post- 
transcriptionally,  most  likely  by  regulating  the  accumulation  of  genomic  and  spliced  viral  mRNA 
02). 

The  level  of  gene  expression  has  been  reported  to  be  dependent  on  functional  elements  within 
the  LTR  sequence  of  the  virus,  including;  (i)  a  negative  regulatory  element  (NRE),  (ii)  an  enhancer 
upstream  of  the  promoter  or  TATA  box,  and  (iii)  response  region  downstream  of  the  promoter 
at  -17  to  +80  (22).  The  lai  response  region  allows  greatly  increased  expression  of  linked  genes  in 
HIV-1  infected  cells  relative  to  uninfected  cells  even  if  placed  in  a  similar  position  downstream  of 
heterologous  promoters  (22).  The  HTV-l-LTR  was  also  reported  to  contain  three  Spl  binding  sites 
as  demonstrated  by  point  mutagenesis  and  protection  experiments  (23).  However,  the  functional 
discrimination  of  these  sites  was  only  partially  dissected.  The  HIV-1  LTR  contains  both  and 
trans  regulating  elements  which  have  not  been  precisely  localized.  The  work  described  in  this 
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report  was  designed  to  define  the  function  of  the  regulatory  elements  and  their  interactions  with  the 
viral  genome. 

Recently,  additional  retroviruses,  termed  HIV-2,  related  to  HIV-1  but  more  closely  to  some 
strains  of  simian  immunodeficiency  virus  (S1V)  (e.g.  SIVmac)  were  isolated  from  sick  and  healthy 
individuals  (24-26).  Seroepidemiological  and  laboratory  studies  suggest  that  although  some  HIV- 
2  isolates  are  associated  with  AIDS,  others  may  be  far  less  pathogenic  (24,27).  Thus,  the  HIV 
family  may  comprise  a  spectrum  of  human  retroviruses  with  varying  degrees  of  pathogenicity. 
The  pathogenic  potential  of  each  HIV  may  in  part  be  determined  by  its  genetic  structure.  Thus,  it 
may  be  instructive  to  compare  the  functional  capacities  of  the  regulatory  genes  and  elements  of 
HI  Vs  possessing  varying  pathogenic  potential. 

Closely  related  to  HIV-2  is  the  Simian  Immunodeficiency  Virus  (SIV)  which  has  been 
isolated  from  captive  rhesus  macaques  with  clinical  signs  of  immunodeficiency  (28).  Interesting 
parallels  can  be  drawn  between  the  retroviruses  HTLV-I,  HIV-1,  HIV-2  and  SIV.  Among  these 
are:  (1)  a  common  major  target  cell  (CD4+  T-lymphocyte),  (2)  association  with  diseases  of  the 
immune  and  central  nervous  systems,  (3)  presence  of  highly  related  viruses  that  naturally  infect 
Old  World  primates,  and  (4)  common  regulatory  pathways  for  viral  gene  expression. 
Experimental  inoculation  of  SIV  in  macaques  induces  immunodeficiency  at  high  frequency, 
providing  an  excellent  animal  model  to  study  pathogenesis,  prevention  and  treatment  of  human 
AIDS.  Although  macaques  in  the  wild  are  not  known  to  be  infected  with  SIV,  several  other  Old 
World  monkey  species  (pig  tailed  macaques,  sooty  mangabey,  macaque  menestrina,  African  green 
monkeys)  appear  to  be  naturally  infected  with  viruses  related  to  SIVmac  w'hich  is  quite  divergent 
from  these  other  simian  viruses.  SIVmac,  however,  is  closely  related  to  HIV-2,  whereas  SIVagm 
is  equally  distant  from  both  HIV-1  and  HIV-2  (29).  The  biological  similarity  among  these  primate 
vimses  suggests  evolutionary  conservation  of  their  functionally  active  genes. 

In  the  course  of  this  contract,  full  length  clones  of  the  HIV-2  and  SIV  genomes  were 
prepared,  and  their  DNA  sequence  was  determined  and  analyzed.  The  HIV-2  and  SIV  genomes 
characterized  to  date  were  found  to  contain  open  reading  frames  corresponding  to  most  of  the 
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HIV-1  genes,  although  some  differences  were  observed  (30).  An  additional  gene  fvpx)  was  found 
in  HIV-2,  SIVmac  and  SIVagm,  and  does  not  have  an  obvious  counterpart  in  HIV-1.  On  the  other 
hand,  the  vpu  gene  is  found  only  in  HIV-1.  SIVagm  appears  to  lack  the  vpr  gene  which  is  found 
in  HIV-1,  HIV-2  and  SIVmac.  Conservation  of  the  amino  acid  sequence  in  the  putative  functional 
domains  of  common  genes  and  the  biological  similarities  among  these  AIDS  associated 
retroviruses  would  lead  one  to  assume  that  what  applies  to  HIV-1  should  also  apply  to  HIV-2  and 
SIV.  A  low  level  of  conservation  of  the  amino  acids  is  observed  among  the  regulatory  proteins  of 
SIVmac.  SIVagm  and  the  various  isolates  of  HIV-2  (rod,  NIH-Z,  SBL6669)  and  HIV-1.  On  the 
other  hand,  a  high  level  of  conservation  is  observed  in  the  amino  acid  sequence  of  the  gag  and  pel 
proteins.  A  comparison  of  all  regulatory  genes  indicates  that  there  are  some  short  regions  in 
regulatory  genes  which  are  conserved  and  are  involved  in  maintaining  the  structure  of  the  protein. 
The  cysteine/arginine  rich  region  in  the  first  exon  of  the  lai  gene  and  the  arginine  rich  region  ;n  the 
second  exon  of  the  tqv  gene  are  highly  conserved  among  all  these  viral  isolates  (29). 

The  envelope  gene  of  HIV-1  has  been  shown  to  be  highly  variable  among  different  HIV 
isolates.  Interstrain  variations  occur  consistently  within  the  same  areas  of  the  envelope  gene. 
These  same  regions  are  also  poorly  conserved  among  the  HIV-2  and  SIV  isolates  characterized 
thus  far.  The  HIV-1  transmembrane  protein  is  41  kD  in  size,  while  the  SIV  and  HIV-2 
transmembrane  proteins  are  only  32  kD.  This  difference  in  protein  size  is  apparently  due  to  the 
presence  of  a  translation  termination  codon  in  the  pnv  genes  of  SIV  and  HIV-2.  Interestingly,  the 
termination  codon,  is  located  in  the  same  place  in  both  viruses  and  is  present  in  most  of  the  SIV 
strains  characterized  so  far  and  in  an  HIV-2  provirus.  Several  researchers  have  determined  that 
this  premature  termination  codon  was  the  result  of  the  manner  in  which  the  virus  was  propagated 
(31).  Virus  isolated  from  Hut78  cells,  contained  the  premature  termination  codon,  while  virus 
grown  in  fresh  lymphocytes  exhibited  full  length  envelope  protein.  Results  such  as  these  indicate 
that  a  better  understanding  of  virus  propagation  and  effects  of  mutation  is  required  in  order  to  fully 
understand  the  pathogenicity  of  the  virus.  Furthermore,  the  high  level  of  homology  that  exists 
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between  the  human  HIV-2  isolate  and  the  simian  SIV  isolate  suggests  that  HIV-2  infection  of 
primate*  may  provide  a  suitable  model  for  AIDS. 

PROGRESS 

A.  CHARACTERIZATION  OF  DELETION  MUTANTS  OF  HIV-1 

1.  Rationale 

To  study  the  molecular  basis  of  infectivity,  cytopathogenicity,  and  formation  of  infectious 
particles,  a  series  of  mutant  clones  with  changes  in  discrete  portions  of  the  HIV-1  genome  was 
constructed  by  site-directed  mutagenesis  or  by  exonuclease  cleavage  and  religation.  The  mutants 
used  for  these  studies  were  based  on  the  molecular  clone  pHXB2Dgpt,  which  contains  the  full- 
length,  biologically  active  HIV-1  genome  (9.6kb)  flanked  by  the  long  terminal  repeat  sequences  in 
the  plasmid  vector  pSP62gpt  (32).  This  construct  can  be  propagated  in  either  E,  coli  cells  to 
generate  large  quantities  of  the  plasmid  or  in  a  monkey  cell  line,  COS-1  where  all  the  viral  genes 
can  be  expressed  to  produce  fully  biologically  active  virus  capable  of  propagation  in  permissive 
host  cells  (PBLs,  or  CD4+  containing  lymphocyte  cell  lines). 

Since  preliminary  studies  had  implicated  an  involvement  of  the  vif  and  ngf  regions  of  the 
HIV-1  genome  in  pathogenesis  and  transmission,  these  regions  were  selected  for  more  intensive 
examination  in  the  course  of  this  contract,  using  a  mutagenesis/biological  activity  assay  approach. 
Another  aspect  of  viral  infectivity  selected  for  closer  study  is  the  process  of  virion  assembly,  more 
specifically,  the  signal  for  packaging  of  viral  genomic  RNA  into  particles.  Accordingly,  viral 
mutants  were  prepared  with  defined  alterations  in  three  areas  of  the  viral  genome:  the  vif  region, 
the  n£f  and  carboxy  region  of  gp41,  and  the  5'  packaging  region.  Deletion  mutations  in  these 
regions  were  generated,  methods  for  examining  the  various  parameters  of  viral  function  in  vitro 
were  worked  out,  and  studies  on  the  correlation  of  viral  gene  function  to  specific  loci  on  the  viral 
genome  were  carried  out. 

Previous  studies  with  mutants  in  the  vif  fsor)  region  indicated  that  this  gene  is  conserved 
among  all  HIV-1  isolates  as  well  as  in  SIV  and  HIV-2  (30),  suggesting  that  this  gene  may  be 
functionally  significant.  Our  initial  studies  with  mutations  in  this  region  have  shown  that  vif  (sor) 
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is  required  for  efficient  virus  transmission  in  vitro,  and  these  studies  were  further  expanded  in  the 
course  of  this  contract  (18).  Because  of  its  role  in  enhancing  infection,  the  gene  was  subsequently 
renamed  viral  infectivity  factor  (vif).  The  carboxy terminus  of  the  gp41  glycoprotein  which 
overlaps  the  ngf  region  has  been  implicated  in  playing  an  important  role  in  virus  transmission  and 
cell  killing.  The  speculation  that  the  carboxy  terminus  of  the  gp41  glycoprotein  might  have  a  direct 
role  in  T-cell  killing  by  HIV-1  had  come  from  a  study  in  which  a  variant  XI 0-1,  derived  from  the 
pHXB2D  with  the  deletion  spanning  the  env  and  ngf  genes,  was  found  to  replicate  but  not  to  kill 
normal  T  cells  (13).  We  hypothesized  that  the  C-terminus  of  the  gp41  transmembrane  protein  is 
vital  to  viral  transmissibility  and  cytopathicity.  We  tested  this  hypothesis  by  using  a  panel  of 
mutants  which  have  deletions  in  the  gnv,  the  nsf,  and/or  3’  LTR  to  study  the  effects  of  the  defined 
mutations  on  the  replication,  transmission  and  cytopathic  potential  of  the  virus  in  the  human  T-cell 
lines,  H9  and  Molt-3.  Additional  studies  were  designed  to  quantitate  differences  in  the  cell  killing 
potential  of  the  C-env  mutant  viruses.  The  cell  lines  ATH8  and  SupTl  have  been  shown  to  be 
particularly  susceptible  to  rapid  killing  by  HIV-1,  even  at  relatively  low  doses  (10),  and  were 
therefore  used  in  these  studies,  along  with  the  normal  host  cell  H9. 

One  approach  for  the  production  of  defective  HIV  viral  particles,  which  can  be  used  as 
interfering  particles  for  therapy  or  a  source  of  vaccine,  is  the  production  of  "empty  particles"  which 
do  not  contain  viral  RNA,  and  are  therefore  incapable  of  replication.  Although  much  is  known 
about  HIV  replication  and  the  processing  of  structural  components  (gag,  pol.  and  env)  in  infected 
cells,  the  precise  mechanism  by  which  genomic  viral  RNA  is  preferentially  packaged  into  virion 
particles  is  unclear.  Such  a  mechanism,  presumably  involves  a  recognition  sequence  in  the  viral 
genome  which  permits  the  viral  assembly  apparatus  to  specifically  select  and  incorporate  its  own 
genomic  RNA  out  of  a  vast  array  of  viral  and  cellular  mRNAs,  and  ribosomal  and  transfer  RNAs 
found  m  infected  oHls.  Studies  in  the  avian  and  murine  retrovirus  systems  have  suggested  that 
virus  particle  formation  can  occur  in  the  absence  of  genomic  RNA  and  that  the  sequences  which 
fall  between  the  5'  LTR  and  .gag  are  critical  for  virus  specific  packaging  (17-19).  To  determine 
whether  analogous  sequences  in  HIV  are  important  in  selective  packaging  of  genomic  RNA,  we 
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produced  a  series  of  mutants  of  the  biologically  active  molecular  clones  pHXB2-D  and  XI 0-1  and 
studied  their  biological  properties.  Our  studies  with  mutations  in  the  region  between  the  5'-LTR 
and  gag,  showed  that  these  mutants  give  rise  to  morphologically  normal  viral  particles,  but  transmit 
poorly  via  the  cell-free  mechanism  to  permissive  cells.  These  mutant  viruses  were  then  propagated 
in  culture  and  the  ratios  of  RNA  to  antigen  in  the  virions  was  carefully  measured  to  demonstrate 
that  these  mutants  are  indeed  defective  in  the  packaging  of  RNA. 

2.  Experimental  Methods 

Construction  of  Mutants  in  vif 

A  series  of  mutant  clones  with  changes  in  discrete  portions  of  the  HIV-1  genome  were 
constructed  by  site  directed  mutagenesis  or  by  exonuclease  cleavage  and  religation  of  pHXB2Dgpt 
(Figure  1).  The  molecular  clone  pHXB2Dgpt  contains  a  full  length,  biologically  active  HIV-1 
genome  (9.6  kb)  flanked  by  the  long  terminal  repeat  sequences  in  the  plasmid  vector  pSP62gpt 
which  contains  the  xanthine  guanine  phosphoribosyl  phosphatase  gene  (32).  The  mutant  AS  was 
prepared  directly  from  pHXB2gpt  by  removal  of  the  sequences  between  the  Ndel  and  Ncol  sites 
(nucleotides  4707  and  5259)  and  religation.  Additional  mutants  were  prepared  by  site  specific 
mutations  using  oligonucleotide-directed  mutagenesis.  These  mutations  introduced  translational 
stop  codons  at  various  points  in  the  vif  frame  downstream  of  the  vif/pol  overlap  (Figure  2).  To 
construct  these  mutants  the  EcoRI  to  EcoRI  fragment  (nucleotides  4230  to  5322)  of  the  HIV-1 
genome  of  X  BFIIO  was  subcloned  into  an  Ml 3  phage  vector,  and  mutagenesis  performed  as 
described  by  Ivanoff  et  al.  (33).  Sequences  in  this  region  of  BH10  differ  from  those  of  HXB2 
only  at  nucleotide  position  4506  which  results  in  a  proline  to  serine  substitution  in  pol.  Mutation 
6.9  was  introduced  using  the  25-mer  (GGATGAGGGCTTTCTTAGTGATGCT),  converting  the 
tyrosine  codon  (TAT)  at  residue  55,  into  a  stop  codon  (TAA).  A  similar  approach  was  used  to 
replace  the  serine  codon  (TCA)  at  position  42  with  a  stop  codon  (TAA)  in  clone  3.3  ,  and  to 
change  the  glutamine  codon  (GAA)  at  residue  100  to  a  stop  codon  (TAA)  in  clone  153.  Following 
confirmation  by  DNA  sequencing  the  mutated  fragments  were  subcloned  into  the  original  proviral 
clone. 
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Transfections  and  Cocultivation 

A  half-million  COS-1  (simian  fibroblast)  cells  were  seeded  into  25  cm^  flasks  one  day  prior 
to  transfection.  Transfections  of  5  (ig  DNA  from  mutant  plasmids,  pHXB2Dgtp  (positive 
control),  or  PSV2neo  (negative  control)  were  performed  using  the  CaCl2  precipitation  technique 
and  a  10%  DMSO  shock  (15).  The  COS-1  cells  were  incubated  in  high-glucose  Dulbecco's 
minimal  essential  medium  (DMEM)  with  10%  Fetal  Bovine  Serum  (FBS)  and  1%  penicillin- 
streptomycin.  After  48  hours,  2  x  10^  polybrene  treated  (2  (ig/ml,  37°C,  30  minutes)  H9  or  Molt- 
3  cells  were  added  on  top  of  the  transfected  COS-1  cell  layer  in  a  total  of  4  ml  media  (cell  to  cell 
transmission).  The  coculture  was  maintained  for  48  hours  at  which  time  the  H9  and  Molt-3  cells 
were  separated  from  the  COS-1  cells.  These  H9  and  Molt-3  cells  were  then  maintained  in  RPMI 
1640  medium  supplemented  with  20%  fetal  calf  serum  (FCS). 

Viral  Gene  Expression  bv  Deletion  Mutants 

The  activity  of  reverse  transcriptase  (RT)  of  the  spent  medium  from  the  transfected  COS-1 
cells  was  assayed  from  2  days  to  2  weeks  after  the  transfection  by  the  incorporation  of  dTTP 
into  TCA  precipitable  material.  Samples  with  a  ratio  of  the  incorporation  using  RNA  vs  DNA 
templates  of  greater  than  3:1  were  scored  as  positive.  The  production  of  the  gag  p24  protein, 
monitored  weekly  by  immunofluorescent  assay  of  cells  fixed  in  methanol/acetone,  was  used  to 
demonstrate  viral  transmission  from  the  transfected  COS-1  to  H9  or  Molt-3  cells. 

In  vitro  Neutralization  Assavs 

Neutralization  activity  of  the  various  sera  was  determined  as  follows.  The  antibodies  or  sera 
are  first  heat  inactivated  at  56°C  for  30  minutes  and  filtered  through  a  0.45  (im  filter.  For 
neutralizing  activity  assays,  H9  cells  are  exposed  to  2  fig/ml  polybrene  for  30  minutes,  pelleted, 
and  incubated  with  HIV-1  virus  (1000  virions  per  cell)  for  90  minutes.  The  cells  are  pelleted  and 
diluted  in  RPMI  containing  10%  heat-inactivated  fetal  calf  serum  in  the  presence  of  serial  dilutions 
of  the  test  sera.  Ten  thousand  cells  are  seeded  in  200  pil  per  well  of  a  96-well  flat  bottomed  tissue 
culture  plate,  and  the  plates  are  incubated  at  37'C  for  7  days.  The  cells  are  then  examined  for  the 
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presence  of  HIV  by  immunofluorescence  with  an  anti-HIV  p24  monoclonal  antibody.  The 
neutralizing  antibody  titer  is  expressed  as  the  reciprocal  of  the  serum  dilution  at  which  the  HIV-1 
infection  of  H9  cells  is  inhibited  by  50%  relative  to  that  obtained  with  control  HTV- 1  negative  sera. 

Construction  of  Mutants  in  the  Carboxv-Terminal  of  gp41 

The  molecular  clone  pHXB2gpt  was  linearized  with  Xhol  and  digested  bidirectionally  with 
Bal31  nuclease  and  religated.  In  constructing  clones  X429  and  X468,  Xbal  linkers  with 
termination  codons  in  all  3  reading  frames  (SMURF  I  linkers,  Pharmacia)  were  inserted  prior  to 
religation.  The  mutations  resulted  in  truncation  of  gp41  in  some  cases,  and  frame  shifts  due  to  the 
deletions  leading  to  the  addition  of  new  amino  acids  in  others.  The  expected  amino  acid  sequences 
of  all  the  mutants  used  in  these  studies  was  derived  from  the  DNA  sequence  analysis  of  these 
mutants  and  is  shown  in  Figure  3. 

Cell-Free  Transmission  of  HTV  Mutants 

Cos-1  cells  were  transfected  with  5  p.g  of  DNA  from  each  of  the  mutants,  pHXB2D  or 
pSV2neo.  After  48  hours  incubation,  the  resulting  virus  was  collected  from  the  supernatant,  and 
clarified  of  cellular  material  by  centrifugation  at  6,000  rpm  for  20  minutes.  The  virus  from  the 
clarified  supernatant  was  collected  by  overnight  precipitation  with  PEG.  Serial  dilutions  of  this 
virus  were  used  to  infect  H9  and  Molt-3  cells.  Cells  were  assayed  at  weekly  intervals  for  the 
expression  of  HIV-p24  by  reactivity  with  a  monoclonal  antibody  to  this  antigen  using 
immunofluorescence  assays  to  obtain  an  inverse  geometric  mean  titer  (GMT). 

Cvtopathogenicitv  of  Cell-Free  Vims  Preparations  of  Deletion  Mutants 

Polybrene-treated  H9  cells,  3  x  10^  in  3  ml  RPMI  medium  containing  20%  heat  inactivated 
fetal  calf  serum,  were  incubated  with  300  x  TCID50  (Tissue  Culture  Infectious  Dose  50%  = 
dilution  of  virus  at  which  50%  of  cells  show  cpe)  of  the  respective  virus  preparations  (or  media  as 
the  control)  for  1  hour  at  37  Q  The  cells  (in  100  p.1  medium)  were  transferred  to  triplicate  wells  in 
24-well  microtiter  plates,  and  2  ml  medium  was  then  added  to  each  well.  Plates  were  fed  with  1  ml 
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fresh  medium  weekly.  Cell  viability  was  assessed  in  1  and  2  weeks  of  the  incubadon  by  exclusion 
dye  2%  trypan  blue. 

Construction  of  Packaging  Mutants 

Packaging  defective  mutants  were  constructed  by  producing  deletions  in  the  region  between 
the  5'LTR  and  gag  coding  sequences  of  the  plasmid  clone  pHXB2gpt.  This  plasmid  contains  a 
unique  BssHII  site  in  the  sequences  which  intervene  the  5'LTR  and  the  beginning  of  the  gag  gene. 
A  series  of  deletion  mutants  about  the  BssHII  site  were  generated  using  the  Bal31  digestion- 
religation  approach.  Clones  #3  and  #1 1  are  deleted  51  and  57  nucleotides,  respectively  (positions 
225-276,  and  225-282)  upstream  from  the  splice  donor  site  (position  287).  Clones  #79  and  A293 
are  deleted  8  nucleotides  (position  31 1-319)  and  35  nucleotides  (position  293-328)  downstream  of 
the  splice  donor,  prior  to  the  start  of  gag.  The  parental  plasmid  from  which  the  #3  and  #11 
mutants  were  derived,  pHXB2gpt  contains  the  intact,  wild  type  genome  of  HIV-1.  The  mutant 
#79  was  derived  from  XlO-lgpt  and  A293  was  derived  from  pHXB2  neo.  The  map  locations  of 
these  deletions  is  shown  in  Figure  4.  In  all  cases,  the  splice  donor  site  (position  287)  is  preserved. 

Transfection  of  Packaging  Mutant  DNA  and  Virus  Isolation 

The  DNA  from  plasmids  #3,  #11,  #79,  A293  and  pHXB2gpt  were  transfected  into  COS-1 
cells  following  the  calcium  phosphate  coprecipitation  procedure  (15).  Each  100  mm  plate 
contained  1  x  106  COS-1  cells  and  was  transfected  with  10  (ig  of  DNA.  Following  transfection, 
the  cells  were  incubated  in  DMEM-10%  Fetal  Bovine  Serum  and  0.1%  gentamicin.  At  2,  4,  and  6 
days  post  transfection,  the  supernatant  medium  was  collected  and  replaced  with  fresh  medium. 
The  spent  supernatant  (4  plates  each)  was  clarified  by  centrifugation  at  3,000  rpm  for  20  minutes, 
and  virus  particles  were  collected  by  PEG  precipitation. 

Vims  Isolation  from  Cells  Infected  with  Packaging  Mutants 

Vims  produced  in  COS-1  transfected  cells  was  transferred  to  H9  polybrene  treated  cells  by 
co-cultivation,  and  stably  infected  H9  cells  were  allowed  to  grow  out.  For  vims  isolations,  the 
supernatants  of  infected  cells  were  collected  one  day  after  feeding  with  fresh  medium  (RPMI-1640 
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with  10%  Fetal  Bovine  Serum).  For  each  mutant,  36  ml  of  supernatants  (from  about  0.6  x  10^ 
cells/ml)  were  clarified  of  cellular  debris  by  centrifugation  at  3,000  rpm  for  20  minutes.  The  virus 
panicles  were  then  pelleted  out  of  the  clarified  supernatant  by  centrifugation  at  25,000  rpm  for  1.5 
hours  in  an  SW28  rotor.  The  viral  pellets  were  resuspended  in  400  (il  of  PBS.  Of  this,  200  |il 
wus  extracted  with  phenol  to  isolate  the  RNA,  and  100  (i.1  was  used  for  antigen  capture  assay. 

Quantitation  of  Viral  RNA  and  Viral  Antigen 

For  the  phenol  extraction  of  viral  RNA  from  virion  pellets,  50  |i.g  of  E.  coli  tRNA  w'as  added 
as  carrier,  and  the  solution  was  digested  with  0.1%  SDS,  200  |!g/ml  Proteinase  K  for  30  minutes 
at  56°C.  It  was  then  extracted  once  with  phenol:chloroform:isoamyl  alcohol  (25:24:1),  once  with 
chloroform,  and  precipitated  with  two  volumes  of  ethanol.  Positive  controls  included  the  plasmid 
pBHIO  and  viral  particles  from  H9  cells  infected  with  HIV  and  treated  in  a  similar  manner  to  the 
mutant  viruses.  Serial  dilutions  of  the  precipitated  RNA  were  denatured  with  formaldehyde  at 
65'C  for  10  minutes,  cooled  on  ice  for  10  minutes,  and  slot  blotted  on  BA85  nitrocellulose  filters 
using  the  Minifold  Apparatus  from  Schleicher  and  Schuell.  Following  hybridization  with  32P- 
labeled  pBHIO  probes,  the  filters  were  autoradiographed.  The  amount  of  RNA  present  in  each  slot 
was  quantitated  by  cutting  the  region  of  the  slot  out  of  the  nitrocellulose  filter  and  counting  in  a 
scintillation  counter  to  determine  the  cpm  hybridized.  The  amount  of  p24  antigen  present  in  each 
sample  was  determined  by  the  p24  antigen  capture  assay  (Biotech  Research  Labs)  using  serial 
dilutions  of  antigens  which  gave  readings  in  the  linear  range.  Dilutions  of  pelleted  virions  from  H9 
cells  infected  with  HIV  served  as  positive  controls.  The  amount  of  antigen  was  expressed  as  pg 
based  on  a  standard  curve  with  dilutions  of  known  amounts  of  virus. 

3.  Results 

a)  BIOLOGICAL  ACTIVITY  OF  vif  MUTANTS 

A  series  of  mutations  with  premature  stop  codons  in  vif  were  generated  and  the  biological 
consequences  of  these  mutations  were  examined  in  functional  assays.  DNA  from  each  of  the  vif 
deletion  mutants  was  transfected  into  permissive  lymphoid  cells  (H9,  Molt4  and  PHA-stimulated 
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blood  mononuclear  leukocytes),  and  the  transfected  cultures  were  monitored  at  approximately 
weekly  intervals  for  HIV-1  expression.  Molt3  cells,  normal  T  cells,  or  H9  cells  transfected  with 
the  deletion  vif  mutants  consistently  failed  to  express  virus  as  detected  by  immunofluorescence, 
reverse  transcriptase  assays,  or  electron  microscopy.  Southern  blotting  analyses  of  these  samples 
showed  transient  uptake  of  plasmid  DNA  but  no  detectable  proviral  sequences  in  long-term 
cultures.  In  contrast,  cells  transfected  with  pHXB2gpt  reproducibly  and  rapidly  yielded  virus 
producing  cells. 

The  ability  of  the  vif  mutants  to  produce  virions  was  also  examined  by  performing  a  series  of 
transfections  using  the  SV40  transformed  cell  line  Cos-1  as  a  target.  These  experiments  were 
aimed  to  amplify  virus  production  by  exploiting  the  capacity  of  the  Cos-1  cells  to  promote  episomal 
replication  of  plasmids  carrying  the  SV40  origin  of  replication  (including  plasmids  derived  from 
pHXB2gpt)  in  transient  assays.  The  transfected  Cos-1  cells  were  then  cocultivated  with  Molt3 
cells  which  are  permissive  for  HIV-1  infection.  The  supernatants  from  these  cultures  were 
concentrated  100-fold  and  examined  for  virus  gene  expression  by  Reverse  Transcriptase  assays, 
the  formation  of  viral  particles  by  electron  microscopy,  and  for  their  ability  to  infect  polybrene 
treated  H9  cells.  The  transactivation  activity  of  the  mutants  was  determined  by  co-transfecting  the 
mutant  DNA  along  with  pC15CAT  into  Cos-1  or  H9  cells  and  measuring  the  resulting  CAT 
activity  (also  see  Figure  15  and  Table  13). 

As  shown  in  Table  2,  virus  particles  morphologically  similar  to  wild  type  were  recovered 
from  Cos-1  cell  cultures  transfected  with  vif  mutants  6.9,  3.3,  153,  and  AS.  The  level  of  virus 
production  (both  extracellular  and  budding  virions)  and  transactivation  potential  was 
indistinguishable  from  that  seen  in  pHXB2gpt  transfected  cultures.  However,  supernatants 
removed  from  vif  mutant  cultures  (containing  cell  free  virus)  failed  to  infect  H9  cells  in  repeated 
attempts  and  was  transmitted  poorly  by  coculture.  In  contrast,  virus  derived  from  clones  with  an 
intact  vif  frame  was  readily  propagated  by  either  approach.  Normal  amounts  of  gag,  env  and  pal 
derived  proteins  were  produced  by  all  four  mutant  genomes;  and  assays  performed  in  both 
lymphoid  and  non-lymphoid  cells  indicated  that  their  transactivating  capacity  w-as  intact  and 
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comparable  with  wild  type  (34).  This  data  shows  that  the  vif  gene,  although  not  absolutely 
required  in  HIV  virion  formation,  influences  virus  transmission  in  vitro  and  is  crucial  in  the 
efficient  generation  of  infectious  virus. 

Neutralization  of  Cell-to-Cell  Transmission  bv  vif  Mutants 

The  above  studies  had  shown  that  mutations  in  vif  (sor)  are  not  required  for  HIV  virion 
formation,  but  influence  viral  transmission  in  vitro.  The  mechanism  by  which  these  mutants  affect 
cell-to-cell  transmission  was  further  evaluated.  Using  soft-agar  cloning  techniques,  we  have 
isolated  a  number  of  cell  lines  expressing  different  vif  mutant  viruses.  Previous  studies  have 
shown  cell  free  transmission  of  these  mutants  to  be  defective  (34).  Since  some  of  these  lines  are 
up  to  95%  positive  for  expression,  they  are  very  useful  as  inocula  for  neutralization  studies  for 
fresh  polybrene  treated  Molt-3  cells.  A  standardized  system  using  fixed  numbers  of  Mitomycin-C 
treated  Molt-3  cells  infected  with  the  various  vif  deletion  mutant  clones  (AS,  3.3,  6.9,  153)  was 
developed  as  an  inoculum  for  fresh  polybrene  treated  uninfected  cells.  This  system  shows 
predictable  replication  characteristics  which  allows  investigation  of  the  molecular  basis  of  cell- 
associated  transmission  of  HIV,  by  determining  the  effects  of  antibodies  directed  against  specific 
cellular  and  viral  structures.  For  example,  antibodies  such  as  OKT4A,  OKT4,  and  Leu3a  against 
CD4,  LeulO  against  HLA-DQ,  Anti-HLA  Class  II  antibodies,  anti-gpl20,  gp41  and  p24 
monoclonals,  and  selected  infected  patient  sera  can  be  used  to  examine  the  role  of  various  antigens 
in  cell-to-cell  transmission.  Shown  in  Table  3  are  typical  kinetics  for  this  assay.  Up  to  30-50%  of 
the  cells  express  HIV-p24  at  7  days  post  infection,  and  infected  cells  continue  to  persist  in  the 
culture  for  up  to  28  days.  Various  vif  mutant  infected  cells  lines  have  been  cloned  in  order  to 
obtain  more  homogeneous  populations  to  use  as  inocula. 

In  an  attempt  to  dissect  the  molecular  basis  of  cell-free  or  cell-associated  transmission  ,  we 
examined  the  ability  of  a  variety  of  human  HIV  sera  to  neutralize  the  transmission  of  the  mutant 
viruses  to  H9  cells.  For  this  assay,  H9  cells  were  infected  with  4  times  the  infectious  dose  (4  x 
TCJD50)  of  HXB2D  or  HTLVIIIB  (wild  type  virus)  in  the  presence  of  various  dilutions  of  sera. 
Cell-associated  transmission  was  determined  in  a  similar  manner,  except  that  the  cell  lines 
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expressing  the  vjf  mutant  viruses  were  used  as  the  source  of  the  infecting  virus.  Expression  of 
virus  was  monitored  at  2  weeks  post  infection  by  immunofluorescence  with  anti  HIV-1  p24.  The 
serum  dilution  which  gave  a  50%  reduction  in  titer  was  determined.  OKT4A,  but  not  OKT4  is 
extremely  efficient  in  blocking  cell-associated  transmission,  implying  that  the  gpl20-CD4 
interaction  is  still  required  for  cell-to-cell  spread  of  the  mutant  viruses.  The  results  with  the  human 
sera  are  shown  in  Table  4.  Some  sera  (HS06  and  HS12)  neutralize  cell-free  transmission  but  not 
cell-associated  transmission  of  the  mutant  virus.  Other  sera  (HS02  and  HS22)  neutralize  cell 
associated,  but  not  cell-free  transmission.  These  results  suggest  that  different  epitopes  may  be 
involved  in  the  cell-cell  versus  cell-free  transmission  of  HIV. 

Mode  of  Viral  Transmission  as  a  Function  of  Progression  to  AIDS 

Since  different  epitopes  in  vif  have  been  implicated  in  the  transmission  of  HIV-1  by  both  the 
cell-free  and  cell-associated  route,  we  asked  whether  the  mutants  in  vif  could  be  used  to  determine 
whether  the  mode  of  virus  transmission  changes  in  infected  individuals  in  the  course  of 
progression  to  AIDS.  The  wild-type  virus  (HXB2D  and  HTLV-IIIB)  have  been  shown  to  transmit 
primarily  via  a  cell-free  route  in  culture,  whereas  mutants  in  vif  transmit  primarily  via  the  cell- 
associated  route.  Since  sera  from  different  individuals  can  be  shown  to  preferentially  neutralize 
virus  transmission  by  the  cell-free  or  cell-associated  route,  we  reasoned  that  neutralization 
experiments  on  these  viral  clones  using  sera  from  individuals  at  different  stages  of  progression 
could  provide  us  with  insight  as  to  the  relationship,  if  any,  between  progression  to  disease  and  the 
preferred  mode  of  transmission. 

Two  sets  of  sera,  one  from  a  patient  w'ho  progressed  to  AIDS  and  one  from  a  matched  patient 
who  did  not,  were  examined  for  their  ability  to  neutralize  transmission  of  wild  type  virus  HXB2D 
or  HTLV-IIIB  by  the  cell-free  route.  Neutralization  of  cell-to-cell  transmission  was  examined  with 
clonal  cell  lines  infected  with  mutant  viruses  AC4/AEC1  and  DA4/Xgpt  with  deletions  in  vif. 
Inverse  geometric  mean  titers  (GMT)  of  the  different  virus  preparations  using  inocula  four  times 
the  50%  infectious  dose  (4  x  TCID  50)  were  determined.  Titrations  and  neutralization  assays  were 
done  with  an  immunofluorescence  technique  to  detect  HIV-1  p24  expression.  The  dilution  of 
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serum  which  gave  a  50%  reduction  of  virus  titer  was  the  end  point  used.  The  results  of  these 
studies  are  shown  in  Table  5. 

No  significant  differences  in  neutralization  of  cell-to-cell  transmission  (AC4/AEC1  and 
DA4/Xgpt)  by  the  sera  from  the  patient  who  progressed  to  AIDS  was  observed  relative  to  the  one 
who  did  not  progress.  Both  sets  of  sera  were  not  very  effective  in  blocking  this  mode  of 
transmission.  Somewhat  better  neutralization  was  observed  for  the  cell-free  transmission  route 
(HXB2D  and  HTLV-IIIB),  with  the  serum  from  the  patient  who  had  progressed  to  AIDS  giving  an 
appreciably  higher  titer. 

A  similar  study  was  performed  to  determine  whether  the  method  of  transmission  of  HIV-1 
correlated  with  the  stage  of  the  disease.  In  this  set  of  experiments,  the  ability  of  sera  from  a  patient 
at  WR  Stage  2  to  neutralize  virus  transmission  by  either  of  these  two  mechanisms  was  compared  to 
the  sera  from  the  same  patient  at  WR  Stage  6.  The  results,  shown  in  Table  6,  indicate  that 
although  all  neutralization  titers  were  relatively  low,  some  differences  were  apparent.  The  sera  at 
the  early  stage  of  progression  was  more  effective  in  neutralizing  virus  transmission  by  the  cell-free 
route.  At  late  stage  disease,  however,  the  neutralization  titer  of  cell-free  transmission  had 
diminished  appreciably.  The  ability  of  this  sera  to  neutralize  the  cell-to-cell  transmission  route,  had 
on  the  other  hand,  increased  by  over  8-fold.  These  observations  suggest  that  changes  in  immune 
activity  in  late  stages  of  AIDS  are  more  pronounced  in  neutralizing  cell-free  than  cell-to-cell  spread 
of  virus. 

b)  SHME£  WITH  C-TERMINAL  DELETION  MUTANTS 

Cell-to-Cell  Transmission  Properties  of  Deletion  Mutants  in  the  Carboxv  Region  of  env 

Studies  were  designed  to  examine  the  biological  activity  of  the  ngf  gene,  which  also  overlaps 
the  carboxy  region  of  £nv  and  the  3'  LTR.  Mutants  with  deletions  at  the  3'  end  of  the  env.  nef. 
and  3'  LTR  were  transfected  into  cells  of  the  monkey  fibroblast  cell  line  Cos-1.  Replication  w'as 
determined  by  expression  of  viral  reverse  transcriptase  activity  in  the  cell  free  supernatants  of 
transfected  Cos-1  cells,  and  by  the  appearance  of  HIV-1  p24  in  the  cells  in  immunofluorescence 
assays.  The  ability  of  transfected  cells  to  transmit  infectious  virus  to  uninfected  cells  was  also 
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examined  by  culturing  transfected  Cos-1  cells  with  polybrene  treated,  H9  or  Molt-3  cells  for  two 
days.  The  H9  and  Molt-3  cells  were  then  separated  from  the  Cos-1  cells  and  incubated  separately. 

Shown  in  Table  7  is  a  summary  chart  reflecting  the  kinetics  of  the  appearance  of  Reverse 
Transcriptase  (RT)  activity  and  p24  gag  protein  expression  in  H9  and  Molt-3  cells.  Mutant  clones 
with  deletions  in  the  carboxy  region  of  gp41  were  observed  to  be  capable  of  producing  reverse 
transcriptase  even  when  the  mutations  overlapped  into  the  ngf  and  LTR  regions.  Mutants  X360 
(87-amino  acid  deletion  in  the  gp41)  and  X327  (177-amino  acid  deletion  in  the  gp41)  could  not 
produce  this  enzyme  since  their  deletions  affected  the  tat/rev  genes  which  are  essential  for  the 
production  of  infectious  particles.  All  the  other  mutants  examined  could  propagate  in  H9  cells  to 
establish  infection  in  4  weeks,  although  two  mutants  X295  (14-amino  acid  deletion  in  gp41)  and 
X329  (no  deletion  in  gp  41)  propagated  slowly  at  first.  The  most  disparate  transmission  of 
mutants  in  H9  versus  Molt-3  cells  was  observed  in  mutants  X429  (15-amino  acid  deletion  in  the 
gp41),  X269  (17-amino  acid  deletion  in  gp41),  X468  (33-amino  acid  deletion  in  gp41),  and  X362 
(37-amino  acid  deletion  in  gp41)  which  transmitted  relatively  efficiently  to  the  H9  cells  but 
transmitted  very  poorly,  if  at  all  to  Molt-3  cells. 

Quantitation  of  Cell-Free  Transmission  of  Mutant  Clones  in  H9  and  Molt-3  Cells 

To  measure  the  relative  differences  in  the  ability  of  the  mutant  clones  to  transmit  in  a  cell-free 
manner,  Cos-1  cells  were  transfected  with  the  mutant  DNA's  and  the  resulting  viral  particles 
released  to  the  culture  fluid  were  collected  from  clarified  medium  by  PEG  precipitation.  Serial 
dilutions  of  this  cell-free  virus  preparation  were  then  assayed  on  H9  and  Molt-3  cells.  The  dilution 
which  produced  a  cytopathic  effect  in  50%  of  cultures  (TCID50)  w'as  determined.  The  cells  were 
also  examined  by  immunofluorescence  with  monoclonal  antibody  to  HIV  p24  (BT-3)  and  the 
multiplicity  of  infection  (MOI  =  number  of  virions  per  cell)  required  to  produce  a  50%  reduction  in 
the  number  of  fluorescent  cells  was  calculated.  The  number  of  viral  particles  in  each  preparation 
was  determined  by  two  independent  methods.  The  physical  viral  particle  count  in  each  preparation 
was  calculated  on  the  basis  of  electron  microscopy.  In  addition,  the  reverse  transcriptase  activity 
of  these  preparations  was  also  measured. 


The  results  of  these  studies  are  summarized  in  Table  8.  These  results  indicate  that  while 
virus  particle  counts  and  RT  activity  of  these  preparations  varied  only  about  six-fold  among  the 
various  clones  examined,  the  TCID50  values  varied  over  two  orders  of  magnitude,  even  when 
adjusted  on  a  per-particle  basis.  There  was  no  simple,  direct  correlation  between  infectivity  and  the 
length  of  the  C-terminal  deletion.  Poorly  infectious  clones  X468  (-33+0)  and  X429  (-15+4) 
required  910  virions  per  cell  and  2700  virions/cell  for  infectivity,  respectively,  whereas  the  parental 
HXB2  required  only  18  virions  per  cell  for  50%  infectivity  at  two  weeks.  Surprisingly,  two 
clones  with  C-terminal  modifications  similar  to  those  above,  X362  (-37+18)  and  X269(-17+2), 
possessed  cell-free  infectivity  indistinguishable  from  the  parent  (3  virions/cell  and  22  virions/cell, 
respectively). 

The  results  of  our  studies  of  RT  production  and  transmission  to  H9  and  Molt-3  cells  of  the 
C-env  mutants  are  summarized  in  Table  9,  which  also  shows  the  location  of  the  deletion  and  the 
resultant  amino  acid  changes.  All  mutants  except  clones  X360  (-187)  and  X327  (-177),  which 
have  deletions  extending  into  the  tat/rev  regions  rendering  them  incapable  of  growth  after 
transfection  into  Cos-1  cells,  produced  extracellular  reverse  transcriptase  activity  after  transfection 
into  COS-1  cells.  Mutants  with  deletions  of  -0  to  -4  propagated  well  in  both  H9  and  Molt-3  cells, 
except  for  X358  (-6),  which  contained  a  deletion  of  the  3’-LTR  and  was  incapable  of  replication  in 
either  cell  line.  Mutants  X429,  X269,  X468,  and  X362,  containing  deletions  of  15-37  C-terminal 
residues,  propagated  in  H9  cells  somewhat  more  slowly  than  the  parental  HXB2  clone  and  failed 
to  establish  productive  infection  in  Molt-3  cells  by  coculture.  Clones  with  deletions  of  over  40 
amino  acids  (X274  and  XI 94)  also  contained  deletions  in  the  3’-LTR  and  were  unable  to  replicate 
in  either  H9  or  Molt-3  cells. 

Cvtopathogenicitv  of  Mutants  in  the  Carhoxv  Region  of  env 

Additional  studies  with  the  C-env  mutants  were  designed  to  examine  their  cytopathic 
properties.  Viral  panicles  of  selected  mutants  at  300  times  their  TCID50  concentrations  were  used 
to  infect  H9  cells  and  cell  viability  was  monitored  weekly  for  a  period  of  two  weeks.  The  cell 
viability,  used  as  the  measurement  of  viral  cytopathogenicity  on  H9  cells,  showed  that  mutants 
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X10-1  (5-amino  acid  deletion),  X295  (14-amino  acid  deletion)  and  X269  (17-amino  acid  deletion) 
had  little  or  no  cytopathic  effect  by  two  weeks  (Figure  5).  When  the  deletions  extended  to  33 
amino  acids  (X468),  cell  viability  decreased  to  39%.  As  deletion  further  extended  to  37  amino 
acids  from  the  3'  end  of  the  gp41  (X362)  cell  viability  decreased  to  32%.  This  reduction  in 
viability  approached  that  obtained  with  the  parental  viral  clone  pHXB2D  (24%  viability).  It  is 
interesting  to  obscrv-  mat  mutant  X9-3  (5-amino  acid  deletion)  had  41%  cell  viability. 

The  cytopathic  properties  of  mutants  in  the  carboxy  region  of  env  on  H9  cells  were  also 
compared  to  their  infectivity  on  the  highly  susceptible  cell  lines  SupTl  and  ATH8.  The  cytopathic 
effects  of  different  clones  as  cell-free  virions  were  examined  using  virus  preparations  adjusted  for 
infectious  dose  (H9  and  SupTl)  or  a  Fixed  multiplicity  of  infection  (ATH8).  All  mutants  displayed 
reduced  cytopathic  effects  on  H9  cells  compared  to  the  HXB2  parent  (Figure  5),  though  XI 0-1, 
X295,  and  X269  were  least  cytopathic.  Using  SupTl  cells,  X362  and  X269  displayed  markedly 
reduced  cytopathic  effects,  while  X10-1,  X9-3,  X295,  and  X468  were  more  cytopathic,  though 
still  less  so  than  HXB2.  All  mutants  were  cytopathic  to  ATH8  cells,  though  XI 0-1,  and  X9-3 
were  significantly  less  cytopathic  than  HXB2,  even  when  adjusted  for  infectious  dose.  Replication 
of  the  different  clones  during  these  experiments  was  comparable,  as  judged  by  p24  positivity  by 
immunofluorescent  staining  (35). 

The  cytopathic  potential  of  the  different  C-terminal  deletion  mutants  was  also  examined  using 
a  new  technique  involving  coculture  of  infected  cells  with  exquisitely  susceptible  target  cells.  The 
cell  lines  ATH8  and  HPB-ALL  have  been  shown  to  be  particularly  susceptible  to  rapid  killing  by 
HIV,  even  at  relatively  low  doses  of  virus.  The  ability  of  mutant  virus  produced  in  H9  or  Molt-3 
cells  to  kill  these  indicator  cell  lines  by  a  cell-associated  mechanism  was  examined.  Unexpectedly, 
mutants  previously  described  as  non-cytopathic  (X10-1  and  X9-3)  as  cell-free  virions  appeared  to 
show  marked  cytopathic  effects  when  cocultured  with  the  indicator  cells  ATH8  and  HPB-ALL 
(Table  10).  Mutant  X362  which  transmitted  poorly  to  Molt-3  cells,  nevertheless  was  still  capable 
of  killing  the  indicator  cells  particularly  the  ATH8  cells.  The  indicator  cell  lines  were  more 
susceptible  to  killing  by  X10-1,  X295  and  X362  when  they  were  propagated  in  H9  cells  than 
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when  the  same  mutants  were  propagated  in  Molt-3  cells.  These  observations  suggest  that  cellular 
factors  also  contribute  to  the  cell  killing  property  of  HIV.  These  cellular  factors  interact  with 
different  viral  determinants  in  bringing  about  the  cytopathic  effect. 

C)  STUDIES  WITH  PACKAGING  MUTANTS 

Characterization  of  Packaging  Defective  Mutants 

Several  candidate  packaging  mutants  were  generated  and  examined  for  their  ability  to  give 
rise  to  infectious  (RNA  containing)  virus  particles.  Plasmid  DNA  from  each  clone  was  transfected 
into  Cos-1,  and  the  culture  supernatants  of  transfected  cells  were  analyzed  for  the  presence  of 
reverse  transcriptase  activity  and  the  appearance  of  virus  particles  by  electron  microscopy.  These 
supernatants  were  also  examined  for  the  presence  of  infectious  particles  by  cocultivation  with 
recipient  H9  cells.  The  transmissibility  of  the  mutant  viruses  was  monitored  by  assessing  the 
increase  in  HIV  expressing  cells  in  the  coculture  H9  population  with  time. 

Clones  #3,  #1 1 ,  #79,  and  A293,  all  gave  rise  to  morphologically  normal  virus  panicles,  as 
examined  by  electronmicroscopy,  and  were  capable  of  eliciting  Reverse  Transcriptase  activity  upon 
transfection  of  Cos-1  cells.  The  transmissibility  of  viruses  from  clones  #11,  #3,  and  #79, 
however,  was  impaired  with  respect  to  wild  type  virus.  These  viruses  were  poorly  infectious  while 
virus  derived  from  clone  A293  appeared  to  be  resistant  to  propagation  (Figure  6).  This  data 
indicates,  that  although  viral  particles  and  virus  specific  enzymatic  activity  is  produced  at  near  wild 
type  levels,  the  infectivity  of  these  mutant  viruses  is  impaired. 

Viral  RNA  Production  by  Packaging  Mutants 

The  transfected  cells  and  the  resultant  viruses  were  examined  for  evidence  of  viral  RNA 
production  and  packaging.  Cos-1  cells  were  transfected  with  plasmid  DNA  from  clones  #1 1, 
A293.  and  pHXB2  (wild  type  virus).  RNA  was  prepared  from  cellular  lysates  using  the  hot- 
phenol  method,  and  analyzed  by  Northern  blotting.  Transcripts  of  sizes  9.5  kb,  4.5  kb,  and  2.0 
kb  were  evident  in  all  transfected  cells,  indicating  that  viral  RNA  expression  by  these  mutants  was 
not  compromised  (data  not  shown). 
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Kinetics  of  Viral  Antipen  and  RNA  Production  bv  Packaging  Mutants 

The  packaging  mutant  DNAs  were  used  to  transfect  COS-1  cells  by  the  calcium  phosphate 
co-precipitation  method.  The  supernatants  of  transfected  cells  were  monitored  for  the  appearance 
of  viral  antigen  and  RNA  at  various  times  post  transfection.  The  results  of  these  analyses  are 
shown  in  Figure  7.  By  2  days  post  transfection,  HIV-1  p24  antigen  begins  to  accumulate  in  the 
supernatant  of  cells  transfected  with  #3,  #79  and  gpt  plasmids,  and  persists  at  4  and  6  days.  Virus 
specific  RNA  also  appears  at  2  days  post  transfection,  but  becomes  somewhat  reduced  at  day  4  and 
6,  possibly  due  to  instability  of  the  viral  RNA  when  incubated  at  37°C.  These  results  suggest  that 
virus  is  produced  only  transiently  in  the  transfected  cells. 

Quantitation  of  Viral  RNA  and  Antigen  in  Virus  Produced  bv  Transfected  Cells 

To  quantitate  the  relative  amount  of  viral  antigen  and  RNA  in  viral  particles  produced  by 
packaging  mutants,  the  spent  media  of  COS-1  transfected  cells  at  2  days  post  transfection  (the  time 
of  maximum  virus  activity)  was  used  as  the  source  of  viral  particles  for  quantitation.  The  viral 
particles  were  precipitated  from  the  clarified  supernatants  by  PEG  precipitation,  and  aliquots 
assayed  for  viral  RNA  and  viral  p24  antigen  content.  The  amount  of  viral  RNA  produced  per  virus 
particle  was  standardized  by  dividing  the  cpm  obtained  by  slot  blot  hybridization  (RNA  content)  by 
the  pg  p24  antigen  as  determined  from  the  optical  density  (OD)  obtained  from  antigen  capture 
analysis  (antigen  content)  of  the  viral  panicles  pelleted  from  the  medium  at  two  days  post 
transfection.  The  results  are  shown  in  Table  1 1.  The  pelleted  mutant  viruses  #3  and  #79  contained 
approximately  the  equivalent  amount  of  viral  antigen  as  had  been  produced  by  cells  transfected 
with  the  wild  type  HXB2-gpt  plasmid,  or  by  H9  cells  infected  with  HIV-1.  The  amount  of  viral 
RNA,  however,  was  significantly  lower  in  the  #3  and  #79  viral  particles,  even  when  corrected  by 
the  quantity  of  antigen  present.  The  untransfected  COS-1  cells  gave  only  background  OD  and  cpm 
by  both  the  antigen  capture  and  slot  blot  assays.  These  results  suggested  that  the  mutations 
resulted  in  packaging  defective  viral  particles  which  produced  near  normal  levels  of  viral  particles, 
but  which  w'ere  depleted  of  viral  RNA  and  therefore  exhibiting  reduced  infectivitv. 
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Quantitation  of  Viral  RNA  and  Antipen  in  Stably  Infected  Cells 

The  transfection  studies  made  quantitation  difficult,  since  the  virus  was  only  expressed 
transiently  in  the  transfected  cells,  and  only  relatively  low  amounts  of  viral  particles  were  actually 
produced.  The  transfected  COS-1  cells  were  therefore  co-cultivated  with  H9  cells  and  stocks  of 
the  mutant  viruses  were  grown  in  H9  cells  to  provide  a  larger  and  more  stable  source  of  viral 
particles  for  study.  The  infected  H9  cultures  w'ere  continuously  passaged  and  expanded  over  a 
period  of  several  w'eeks  and  the  percentage  of  virus  infected  cells  was  monitored  by 
histocytochemical  staining  of  cells  with  a  monoclonal  antibody  to  HIV-1  p24  and  an  alkaline 
phosphatase  anti-alkaline  phosphatase  (APAAP)  detection  system.  Stable  lines  of  H9  infected  cells 
were  thus  derived  from  COS-1  cells  transfected  with  the  mutant  viruses  #3,  #79,  and  #82  as  well 
as  from  those  transfected  with  the  DNA  from  pHXB-2gpt,  the  original  plasmid  containing  the 
intact  HIV-1  genome  from  which  these  mutants  were  generated.  These  lines  contained  more  than 
50%  infected  cells  each  as  assayed  by  the  APAAP  procedure  and  the  percentages  of  infected  cells 
remained  stable  with  time. In  attempting  to  quantitate  the  amount  of  viral  antigen  present  in  virions, 
we  noticed  that  PEG  precipitation  of  cell-free  supernatants  gave  variable  results  from  experiment  to 
experiment.  This  may  have  resulted  from  the  variable  extent  of  cell  lysis  during  the  cell  culture  or 
processing  leading  to  the  release  of  cellular  debris  into  the  supernatant.  The  presence  of  soluble 
p24  antigen  in  this  debris  can  be  variable,  contributing  to  the  inconsistencies  in  the  amount  of  p24 
observed  following  PEG  precipitations.  To  circumvent  these  difficulties,  the  virions  were  pelleted 
out  of  the  clarified  culture  medium  by  ultracentrifugation.  These  purified  virions  were  then 
resuspended  and  used  for  the  quantitation  of  viral  antigen  and  RNA  content.  Serial  dilutions  of  the 
virus  pellet  were  assayed  for  p24  antigen  by  the  antigen  capture  assay  (Biotech).  Duplicate 
samples  were  extracted,  slot  blotted  onto  nitrocellulose  membranes  and  hybridized  with  32p  labeled 
pBHIO  probes.  The  amount  of  viral  RNA  in  the  sample  was  quantitated  by  cutting  out  the  region 
of  the  slot  and  counting  in  a  scintillation  counter  (Figure  8).  The  linear  relationship  between  cpm 
and  the  amount  of  viral  sequences  using  pBHIO  as  a  target  is  shown  in  Figure  9,  which 
demonstrates  that  this  assay  can  be  used  for  the  quantitation  of  viral  RNA  content.  The  antigen 
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content  of  cell-free  virions  (antigen  capture  results  expressed  in  pg  virus)  was  plotted  against  the 
dilution  factor,  and  the  linear  region  of  curve  was  used  for  the  calculations  (Figure  10).  Similarly, 
the  RNA  content  of  the  virions  preparations  were  calculated  by  plotting  cpm  versus  dilution  and  the 
linear  region  of  the  curves  used  (Figure  11).  To  calculate  the  total  ar/igen  and  total  cpm,  the  linear 
regions  of  the  dilution  curves  were  chosen,  and  the  amount  of  antigen  (pg)  or  RNA  (cpm)  was 
multiplied  by  the  dilution  factor  to  obtain  the  total  amount  of  each  present  in  the  sample  (Table  12). 
The  ratios  of  RNA  to  antigen  in  the  virions  could  then  be  calculated. 

As  can  be  seen  from  the  ratios  of  RNA  to  antigen  in  the  virions,  virus  obtained  from 
transfections  with  the  HXB-2  gpt  DNA  which  contained  the  wild  type  HIV-1  genome  gave  very 
similar  ratios  to  that  obtained  from  wild  type  HIV  virions  grown  in  H9  cells.  Mutant  #3  and  #79 
gave  significantly  lower  ratios  of  RNA  to  antigen  (about  43%  and  14%,  respectively  of  wild  type). 

4.  Discussion 

Mutations  in  vif 

The  studies  described  in  this  report  have  shown  that  construction  and  analysis  of  deletion 
mutations  is  a  very  powerful  approach  to  elucidating  gene  function.  We  have  shown  that  removal 
or  truncation  of  vif  results  in  virus  progeny  that  exhibit  a  greatly  reduced  (>  100-fold)  infectivity. 
The  expression  of  vif  gene  function  is  not  crucial  for  the  production  of  morphologically  intact  virus 
particles,  but  mutant  viruses  are  defective  in  their  ability  to  infect  permissive  cells  by  the  cell-free 
route.  Furthermore  vif  mutant  viruses  were  also  transmitted  less  well  under  co-culture  conditions 
(in  which  cell  to  cell  transmission  is  likely  to  be  important).  Interestingly,  the  effects  of  truncating 
vif  (in  the  case  of  mutants  3.3,  6.9,  and  153)  were  similar  to  its  complete  removal  (in  the  case  of 
mutant  AS)  suggesting  that  the  carboxy-terminal  portion  of  vif  (downstream  from  residue  100) 
may  include  a  functional  domain.  However,  the  possibility  that  vif  is  non-functional  because  it  is 
deprived  of  critical  elements  in  the  carboxy-terminal  of  the  protein  (necessary'  for  the  correct 
folding  or  processing)  is  not  excluded.  Since  the  level  of  viral  RNA,  proteins  and  viral  particles 
produced  by  vif  defective  genomes  could  not  be  distinguished  from  that  of  wild  type,  we  suspect 
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that  vif  exerts  its  effects  at  a  post-transcriptional  and  post-translational  level  which  operate  to 
regulate  virus  expression  in  infected  cells. 

While  the  mechanism  of  how  vif  enhances  virus  propagation  is  not  yet  understood,  several 
distinct  mechanisms  could  be  postulated.  It  is  possible  that  vif  is  a  structural  component  of  the 
virion  particle  which  acts  as  a  'second  envelope'  required  for  efficient  transmission.  Since  it  is 
difficult  to  detect  vif  in  as  large  amounts  as  gpl20  and  gp41  (in  either  infected  cells  or  virions) 
additional  studies  are  necessary  to  evaluate  this  likelihood.  Alternatively,  the  vif  gene  might  be 
involved  in  stabilizing  or  processing  envelope  so  that  assembly  of  infectious  virus  is  increased,  or 
in  potenuating  the  cellular  environment  in  which  viral  replication  occurs. 

Our  studies  with  deletion  mutations  in  vif,  also  demonstrated  that  different  viral  epitopes  in 
the  vif  region  are  involved  in  the  transmission  of  the  virus  by  a  cell-to-cell  or  a  cell-free 
mechanism.  Using  a  series  of  human  anti-HIV- 1  sera,  we  had  found  that  some  sera  which 
neutralize  cell-free  transmission  by  mutant  viruses  did  not  neutralize  transmission  by  direct  cell-to- 
cell  contact.  Other  sera  gave  the  opposite  result.  These  studies  were  further  extended  to  determine 
whether  the  mode  of  vif- mediated  transmission  correlated  with  progression  to  AIDS.  We  asked 
whether  antisera  from  patients  who  progressed  to  AIDS  are  more  efficient  in  neutralizing 
transmission  through  the  cell-free  or  the  cell-  to-cell  route,  and  whether  this  neutralization  differs 
from  that  in  patients  who  do  not  progress  to  AIDS. 

Preliminary  studies  relating  the  mode  of  virus  transmission  as  a  function  of  progression  to 
AIDS,  suggest  that  during  late  stages  of  disease,  the  neutralizing  antibodies  in  serum  are  more 
effective  in  blocking  cell-to-cell  transmission  than  cell-free  transmission  by  virus  (Table  6).  The 
reverse  situation  exists  at  early  stages  of  disease.  Thus  changes  in  neutralizing  activity  appear  to 
accompany  progression  to  AIDS.  Since  the  virus  has  spread  to  many  more  cells  at  late  stages  than 
at  early  stages,  this  data  may  suggest  that  virus  is  transmitted  primarily  by  the  cell-to-cell  route  in 
early  disease,  but  cell-free  transmission  is  more  important  at  late  stages. 

It  is  not  clear  from  our  studies  whether  neutralization  assays  of  this  sort  at  early  stages  can  be 
used  to  predict  rapid  or  slow  progression  to  AIDS.  The  individual  who  progressed  to  disease  had 
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significantly  higher  neutralizing  titers  for  the  cell-free  transmission  route  than  did  the  individual 
who  did  not  progress  (Table  5).  However,  if  the  cell-to-cell  transmission  route  is  more  significant 
in  early  disease,  neither  the  slow  nor  rapid  progressing  individuals  had  significant  neutralization 
titers  for  this  route.  These  studies  would  have  to  be  carried  out  on  a  larger  sample  population 
before  any  reliable  conclusions  could  be  drawn  about  the  predictive  value  of  such  assays  in 
progression.  However,  this  approach  may  be  useful  to  dissecting  certain  immunological  and  viral 
changes  which  accompany  progression  to  AIDS. 

Mutations  in  nef 

Studies  of  the  biological  activity  of  mutations  in  the  3'  env/nef  region  have  shown  that 
mutants  of  up  to  37  amino  acids  deleted  from  the  3'  end  of  the  gp41  are  still  capable  of  producing 
reverse  transcriptase  upon  transfection  into  Cos-1  cells  and  of  transmitting  virus  to  H9  cells. 
However,  mutants  with  15  or  greater  amino  acid  deletions  cannot  propagate  in  Molt-3  cells.  This 
preferential  transmission  in  H9  cells  suggest  that  certain  cellular  factor(s)  of  Molt-3  and  the  area 
between  the  last  14  to  15  amino  acids  of  the  gp41  seem  to  work  in  an  accord  to  modulate  viral 
transmissibility  and  that  cellular  tropism  might  play  a  role  in  viral  transmission.  Transmission  of 
mutants  X429,  X269,  X362,  X468  was  markedly  reduced  in  Molt-3  cells  compared  to  H9  after 
coculture  with  transfected  Cos-1  cells.  Two  of  these  four  clones,  X468  and  X429  exhibited  poor 
cell-free  infectivity  for  Molt-3  cells,  but  still  showed  preferential  transmission  in  H9  cells, 
indicating  that  the  cell-free  route  alone  was  not  sufficient  to  establish  a  successful  infection. 
Therefore,  the  areas  between  the  last  15  and  17,  and  between  the  last  33  and  37  amino  acids  of  the 
gp41  appear  to  be  important  to  cell-to-cell  transmission.  In  addition,  the  cytopathic  effects  of 
mutant  c’ones  with  C-terminal  deletions  of  only  5  amino  acids  (mutants  XI 0-1  and  X9-3),  have 
previously  been  shown  to  be  reduced,  and  the  present  study  demonstrates  that  XI 0-1  is  much  less 
cytopathic  than  X9-3. 

These  results  definitively  localize  the  critical  region  for  cell-cell  transmission  to  the  17 
carboxy-most  amino  acids  of  gp41.  Two  functional  areas  of  importance  in  this  very  small  region 
can  be  postulated.  An  area  important  in  cell  killing  lies  in  the  last  6  amino  acid  residues,  or  perhaps 
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in  only  the  last  3  amino  acid  residues  since  X10-1  differs  only  in  the  highly  hydrophobic  'ILL' 
sequence  in  this  region.  The  other  area,  important  for  cell-to-cell  transmission  lies  in  the  last  17 
amino-acid  residues,  but  does  not  include  deletion  of  the  last  cysteine  residue  in  gp41.  Although 
no  obvious  relationship  between  the  length  of  the  deleted  C-terminal  portion  of  gp41  and  viral 
infectivity  is  apparent  from  these  findings,  the  mutants  generally  exhibited  mildly  to  moderately 
impaired  cell-free  infectivity  on  a  per  virion  basis  (on  either  H9  or  Molt-3  cells).  Furthermore, 
mutants  with  deletions  of  over  six  amino  acids  that  possessed  significant  cell-free  infectivity 
(X269,  X295,  and  X362)  had  relatively  higher  titers  on  H9  compared  with  Molt-3  (4.8:1  versus 
5.7:1),  whereas  the  parental  HXB2  and  clones  with  smaller  deletions  (XI 0-1  and  X9-3)  had 
equivalent  infectivity  on  both  cell  lines  (1.2:1  versus  1.4:1).  The  differences  in  cell-free  infectivity 
do  not  appear  to  be  sufficient  to  account  for  the  striking  differences  among  the  mutants  in 
transmission  by  coculture  and  replication  in  the  H9  versus  Molt-3  cell  lines  (e.g.,  X269  could  not 
be  transmitted  in  initial  coculture  to  Molt-3,  but  cell-free  vims  grown  in  H9  was  infectious).  These 
observations  can  be  contrasted  with  those  obtained  with  the  vif  deletion  mutants,  which  are 
deficient  in  cell-free  infectivity  and  have  been  shown  to  replicate  efficiently  in  Molt-3  cells  but  were 
unable  to  replicate  in  H9  cells. 

The  use  of  the  highly  sensitive  cell  lines  ATH8,  SupTl,  and  HPB-ALL  have  permitted  us  to 
more  closely  examine  the  cell  killing  properties  of  the  C-env  mutant  viruses.  Studies  with  these 
cells  have  shown  that  even  when  transmission  to  Molt-3  cells  can  not  be  demonstrated  by  some  of 
these  mutants  (X429  -  X362),  they  are  still  capable  of  killing  the  indicator  cell.  The  studies  on  the 
cytopathicity  of  the  C-env  mutants  suggest  that  the  region  between  the  last  14  and  17  amino  acids 
seems  to  be  important  to  viral  cytopathicity  since  the  cytopathicity  started  to  be  reduced  as  deletions 
extended  beyond  this  region.  We  speculate  that  deletion  of  14  amino  acids  from  the  3'  end  of  the 
gp41  altered  the  conformation  of  this  protein  in  such  a  way  that  the  vims  became  less  cytopathic. 
When  the  deletion  went  further  to  33  amino  acids  and  beyond,  this  effect  was  reversed  due  to 
another  alteration  of  the  conformation.  Infectivity  and  cytopathicity  (as  well  as  syncytium 
production)  were  not  necessarily  coupled,  as  illustrated  by  clone  X269,  which  displayed  high 
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infectivity  but  was  minimally  cytopathic.  However,  cytopathic  effects  were  found  to  vary' 
considerably  depending  upon  target  cell  line  and  type  of  inoculum  (i.e.,  cell-free  versus  cell- 
associated).  The  studies  with  mutants  in  the  carboxy  region  of  env.  therefore,  demonstrate  that 
this  region  plays  an  important  role  in  the  transmission  properties  of  the  virus  as  well  as  in  cell 
killing.  Both  these  processes,  however,  appear  to  be  quite  complex  and  involve  other  cellular 
factors,  and  perhaps  additional  viral  factors  which  will  require  additional  study. 

Perhaps  the  most  significant  observation  is  that  the  cytopathic  effect  of  the  C- terminal  gp41 
deletion  mutants  in  coculture  may  far  exceed  that  of  cell-free  virions,  and  equal  that  of  wild-type 
virus.  While  this  is  somewhat  discouraging,  it  certainly  indicates  that  any  supposedly  attenuated 
strain  of  HIV  will  need  to  be  tested  in  this  fashion  (cell-associated  cytopathogenicity).  These 
studies  therefore  suggest  that  caution  should  be  used  in  selecting  candidate  immunogens  for 
vaccination  derived  from  the  HIV  env  region,  since  they  might  themselves  be  cytopathic  for 
susceptible  cells.  Furthermore,  novel  therapeutic  approaches  such  as  those  being  developed  to 
specifically  block  functions  may  be  ineffective  unless  they  are  designer!  to  completely  prevent 
expression  of  HIV  in  infected  cells. 

Mutations  in  Packaging  Region 

The  studies  with  the  packaging  mutants  have  demonstrated  that  the  region  between  the  5' 
LTR  and  gag  contains  the  signal  for  the  packaging  of  the  RNA  into  virions.  Deletions  in  this 
region  resulted  in  formation  of  viral  particles  which  were  morphologically  normal  but  had  reduced 
ability  to  transmit  by  a  cell-free  route.  Two  mutants,  A293  and  #79  have  been  identified  as 
potential  candidates  for  production  of  empty  particles.  These  mutants  synthesize  all  classes  of  viral 
mRNA,  but  the  decrease  in  infectivity  and  viral  RNA  content  of  virions  had  suggested  a  possible 
defect  in  packaging.  The  quantitation  of  viral  antigen  and  RNA  present  in  cell-free  virions 
demonstrated  that  these  mutants  produced  viral  particles  containing  normal  levels  of  p24  antigen, 
but  greatly  reduced  amounts  of  viral  RNA.  The  decrease  in  RNA  content  presumably  account  for 
the  lower  transmissibility  of  these  mutants  by  the  cell-free  route.  It  should  be  noted,  however,  that 
these  particles  are  not  totally  devoid  of  viral  RNA  since  small  residual  levels  of  viral  sequences  can 
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still  be  detected.  Furthermore,  these  mutants  are  viable  in  that  cells  carrying  the  virus  maintain  the 
virus  for  many  passages  with  no  apparent  decrease  in  viral  antigen  levels.  The  cell-free  virus  also 
contains  very  low  levels  of  infectious  particles,  but  less  than  5%  of  that  of  wild  type  virus.  The 
residual  levels  of  viral  RNA  in  these  virion  preparations  preclude  the  use  of  these  mutants  as 
vaccine  per  s£.  However,  combinations  of  this  mutation  along  with  other  defects  in  replication, 
may  permit  the  production  of  antigenically  normal  viral  particles  which  are  incapable  of  producing 
disease. 
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B.  STUDIES  OF  HTV-1  TAT  FUNCTION 


1 .  Rationale 

The  transactivator  gene,  laL  is  an  extremely  strong  positive  regulator  of  the  expression  of 
HIV  genes,  enhancing  the  production  of  all  viral  structural  proteins,  including  itself  (11).  Since 
this  gene  may  play  an  important  role  in  reactivating  latent  virus,  and  therefore  in  the  progression  to 
disease,  a  clear  understanding  of  the  mechanism  of  activation  is  necessary  to  design  regimens  to 
keep  the  infection  under  control.  The  iat  gene  product  has  been  shown  to  enhance  transcription  of 
genes  linked  to  the  long  terminal  repeat  (LTR)  of  HIV.  The  studies  described  in  this  section  of  the 
contract  were  designed  to  elucidate  the  interaction  of  HIV-1  LTR,  iai,  and  i.  L.  'd  factors  in  the 
regulation  of  viral  gene  activation. 

A  series  of  deletions  within  the  HIV-1  LTR  was  introduced  to  localize  the  £is  acting  elements 
upstream  of  the  promoter  within  U3  and  to  localize  the  trans  acting  response  sequences  in  the  R 
region.  To  study  the  resulting  LTR  function  of  these  alterations,  these  constructs  were  linked  to 
the  chloramphenicol  acetyl  transferase  gene  (CAT)  for  assay  by  transfection  into  HIV-1  infected 
and  uninfected  cells.  The  location  of  ds  acting  regulatory  elements  could  then  be  deduced  from  the 
analysis  of  deletion  clones  in  LTR  which  fail  to  produce  CAT  expression.  Trans  acting  regulatory 
elements  can  be  identified  by  co-transfection  of  LTR-CAT  with  other  plasmid  constructs  not  linked 
to  CAT  but  containing  deletions  in  LTR,  i&l  or  art/trs.  The  regulation  of  genes  linked  to  LTR,  was 
also  studied  by  examining  other  viral  and  cellular  factors/proteins  which  play  a  role  in  HIV 
activation  by  i&t.  Our  studies  had  suggested  that  iat  functions  at  both  the  transcriptional  level  by 
promoting  increased  transcription  of  viral  mRNA,  as  well  as  at  the  post-transcriptional  level.  The 
mechanism  of  postranscriptional  activation  by  jai,  was  therefore  also  examined  in  an  in  vitro 
system  which  allowed  us  to  study  these  mechanisms  in  more  detail. 

The  enhancement  of  HIV  transcription  by  m  proceeds  by  a  complex  mechanism  that  involves 
the  interactions  between  tat  protein,  the  binding  elements  in  the  LTR,  and  various  other  cellular  or 
viral  proteins  or  factors.  Several  reports  have  described  the  activation  of  HIV  replication  and 
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production  of  virus  from  latently  infected  cells  by  agents  that  induce  lymphokine  synthesis  and 
secretion  (37,  38).  Jurkat  cells  have  been  used  extensively  in  studies  of  the  production  of 
interleukins  in  response  to  various  external  stimuli.  By  treating  Jurkat  cells  with  a  combination  of 
phytohemagglutinin  (PHA)  and  phorbol  myristate  acetate  (PMA,  4-b-phorbol-12-b-myristate-na- 
acetate),  or  either  agent  individually,  transient  expression  of  a  reporter  gene  linked  to  the  HIV-LTR 
was  shown  to  be  elevated  compared  to  similarly  transfected  Jurkat  cells  grown  in  normal  media 
(39,  40).  This  response  was  amplified  if  the  HIV  trans-activator  gene  ('tat-III')  was  cotransfected 
with  the  HIV-LTR  reporter  gene  construct  (12).  Induced  expression  of  the  reporter  gene  was 
shown  to  coincide  with  the  appearance  in  nuclear  extracts  of  an  activity  that  retards  the  migration  of 
a  DNA  fragment  containing  the  HIV  enhancer  sequence  in  a  gel  retardation  assay  (40).  This 
activity  was  proposed  to  be  identical  to  the  NF-KB  (41,42)  factor  that  is  detected  in  kappa- 
immunoglobulin  light  chain  producing  cell  lines  by  the  gel-retardation  assay.  In  the  present 
studies,  the  role  of  cellular  proteins  in  the  regulation  of  genes  linked  to  the  HIV-LTR,  and  the 
relationship  between  the  LTR  binding  proteins  in  stimulated  Jurkat  cells  to  those  found  in  H9  cell 
was  examined. 

Immune  activation  of  infected  T  cells  has  been  shown  to  stimulate  HIV-1  replication 
(36,37,43,44)  perhaps  through  effects  on  regulatory  elements  located  within  the  long  terminal 
repeat  (LTR)  of  HIV-1  (40).  The  mechanism  by  which  immune  activation  augments  replication  of 
HIV-1  in  infected  T  cells  was  investigated  by  examining  the  effects  of  four  different  classes  of  T- 
cell  mitogens  on  the  HIV-1  long  terminal  repeat  (LTR).  The  mitogens  studied  include 
phytohemagglutinin  (PHA),  a  mitogenic  lectin;  phorbol  12-myristic  13-acetate  (PMA),  a  tumor 
promoter,  ionomycin,  a  calcium  ionophore;  and  lai  -1,  the  transactivator  protein  from  the  human 
T-cell  leukemia/lymphoma  virus  type  1  (HTLV-I)  (45). 

Studies  of  the  interaction  between  lai  and  LTR  have  suggested  early  in  the  course  of  this 
contract  that  the  RNA  within  the  TAR  region  of  the  HIV-1  LTR  is  capable  of  forming  a  stable  stem 
loop  which  may  be  critical  to  transactivation.  Both  transcriptional  and  post-transcriptional  effects 
of  Tai  have  been  observed,  further  suggesting  that  the  recognition  of  £is-acting  elements  in  RNA 
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may  be  involved  in  T&  function.  These  observations  suggested  that  Tjl  protein  may  bind  directly 
to  the  RNA,  either  alone,  or  in  combination  with  cellular  factors.  Experiments  were  therefore 
designed  to  test  whether  such  binding  can  actually  be  demonstrated.  The  functional  domains  of  Tat 
protein  were  examined  by  the  generation  of  a  series  of  site-directed  mutations  within  the  amino 
terminus  of  this  protein.  Sequence  analysis  of  other  eukaryotic  transactivators  (e.g.  the  yeast 
trans-activator  GAL  4)  has  shown  that  many  of  them  contain  distinct  DNA  binding  and  activating 
domains  (46).  The  activator  regions  of  trans-acting  factors  share  no  known  sequence  homology 
other  than  the  acidic  and  often  amphipathic  character  that  appears  important  for  function.  We 
therefore  searched  for  a  similar  domain  in  HIV-1  Tat  in  order  to  identify  potential  activating 
domains.  The  amino-terminal  region  of  HIV-1  Tai  was  found  to  constitute  an  acidic  domain. 
Three  acidic  residues  at  positions  2,  5,  and  9  are  found  within  this  region.  The  presence  of  acidic 
residues  at  these  positions  is  consistent  with  the  periodicity  of  an  a  helix,  and  would  place  all  three 
acidic  residues  on  the  same  face  of  an  a  helix  if  one  were  formed.  Examination  of  the  amino- 
terminal  region  of  Tal  from  several  isolates  of  HIV-1  showed  that  the  sequence  of  these  first  13 
amino  acids  is  highly  conserved  (47).  To  examine  the  function  of  acidic  residues  within  the  amino 
terminal  of  HIV-1  Tat,  a  series  of  mutations  was  generated  in  this  region  using  site  directed 
mutagenesis,  and  these  sequences  were  inserted  into  the  expression  vector  pSVL  (under  the 
control  of  the  late  SV40  promoter).  The  functional  effects  of  these  mutations  on  the  trans¬ 
activation  of  the  HIV-1  LTR  was  then  correlated  with  the  effects  on  charge  and  predicted  structure. 

2.  Experimental  Methods 

Plasmid  Clones 

Plasmid  pSVOCAT,  pSV2CAT,  and  RSVCAT  were  obtained  from  Dr.  Howard  (48).  Clone 
pCISCAT  was  constructed  by  blunt  ending  the  PstI  cDNA  insen  of  clone  pC15  (20)  with  T4  DNA 
polymerase  and  the  four  NTPs  (Figure  12).  HindlH  linkers  were  added  and  the  resulting  fragment 
was  cloned  into  the  Hindlll  site  of  pSVO.  DNA  sequence  analysis  confirmed  that  the  entire  3' 
region  of  the  C15cDNA  insert  was  present  in  C15CAT  including  the  poly  A  tail.  VHHCAT  was 
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constructed  by  cloning  the  most  3'  Hindlll  fragment  of  the  HXB2  provirus  (49)  into  the  Hindlll 
site  of  pSVO. 

Construction  of  3'  Deletion  Mutants 

A  series  of  deletion  mutations  in  the  HIV-1  LTR  region  was  constructed  from  pC15CAT  by 
digestion  with  Kpn  I  followed  by  digestion  by  Bal  I  exonuclease  for  various  periods  of  time,  and 
religation  (Figure  12).  The  resulting  clones  were  designated  -278,  -176,  -117,  -103,  -65,  and  -48 
according  to  the  position  of  the  sequence  of  HIV-1  LTR  and  represent  the  number  of  bases 
upstream  from  the  transcriptional  start  site  at  +1  to  which  each  deletion  extended.  The  clone  -117 
was  subsequently  used  to  generate  additional  mutants  by  digestion  with  either  Bgl  II  +  Sst  I  to 
create  -117  ABS  or  Sst  I  for  -1 17  AS.  The  DNAs  were  blunt  ended,  self  ligated,  and  transfected 
into  the  bacterial  strain  HB101  (BRL).  Clone  -117  +56  was  created  by  ligating  an  Sst  I  to  Hind  TIT 
synthetic  oligonucleotide  fragment  containing  the  sequences  +39  to  +56  from  the  CAP  site  into  the 
Sst  I  and  Hind  III  sites  of  clone  -1 17. 

Preparation  of  Biotinylated  Oligonucleotides 

Typically  2  nmoles  of  single-strand  oligonucleotide  were  biotinylated  in  w'ater,  and  then 
annealed  to  its  complementary  strand.  Photoprobebiotin  (1  pg/(il- Vector  Labs)  was  added  to  the 
nucleic  acid  solution  in  an  amount  equal  to  the  mass  of  nucleic  acid.  The  tube  w'as  placed  in  an  ice 
water  bath  so  that  the  surface  of  the  mixture  was  7  cm  below  the  sunlamp,  a  glass  microscope  slide 
was  placed  over  the  mouth  of  the  tube,  and  the  mixture  was  exposed  to  the  sunlamp  for  15 
minutes.  All  procedures  prior  to  exposing  the  reaction  to  the  sunlamp  were  conducted  in  a 
darkened  room.  The  biotinylated  strand  was  annealed  to  its  complementary  strand  by  adding  the 
complementary  strand  and  l/10th  volume  of  annealing  solution.  The  mixture  was  placed  at  80°C 
for  2  minutes  and  then  at  37°C  for  1  hour.  The  mixture  was  adjusted  to  a  pH  >8.5  by  the  addition 
of  1  M  TrisHCl,  pH  9.0,  and  extracted  three  times  with  equal  volumes  of  n-butanol.  The  volume 
was  adjusted  to  10  pmole/jil  nucleic  acid,  and  then  stored  at  -20oC. 
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Preparation  of  Nuclear  Extracts 

A  typical  assay  contained  the  proteins  extracted  from  the  nuclei  of  1  x  10^  cells. 
Lymphoblasts  used  in  this  study  were  maintained  at  5  x  105  to  1  x  106  cells/ml  in  RPMI  1640  + 
15%  FCS.  Six  x  108  cells  were  labeled  in  1.0  ml  DMEM-met  containing  1.5  mCi  35S-methionine 
at  37°C  for  30  minutes  in  a  35  mm  dish.  After  labeling,  the  cells  were  pelleted  by  a  30  second  spin 
at  500  x  g,  washed  two  umes  with  phosphate-buffered  saline  (pH  7.3),  washed  one  time  in  30  mM 
Tris  pH  8.0,  1  mM  KC1  and  suspended  in  1.0  ml  of  this  solution.  The  cells  were  disrupted  by  10- 
20  strokes  in  a  1.0  ml  dounce  homogenizer  (Type  B).  The  crude  nuclei  were  pelleted  by  a  15 
second  spin  at  1000  x  g  and  suspended  in  a  solution  containing  0.1%  NP40,  1.5  mM  MgCb  and 
420  mM  KC1  (1.4  ml  per  3  x  108  harvested  cells).  A  final  concentration  of  300  mM  KC1  was 
sufficient  for  extraction  of  the  oligonucleotides.  The  extraction  was  carried  out  at  40C  on  a  slowly 
rotating  wheel  for  1.5  hours.  The  extract  was  then  centrifuged  for  5  minutes  at  13,000  x  g  at  4°C. 
The  supernatant  was  removed  and  the  pellet  rinsed  with  1.0  ml  of  the  above  solution  and 
recentrifuged.  The  supernatant  was  combined  with  the  original  volume  of  extract  and  the  KC1  was 
adjusted  to  a  final  concentration  of  100  mM.  The  extract  was  pre-adsorbed  wtith  streptavidin- 
agarose,  by  adding  1.2  ml  of  extract  to  a  75  (ll  pellet  of  agarose  beads.  Pre-adsorption  was  for  20 
minutes  at  room  temperature.  The  mixture  was  centrifuged  at  13,000  x  g  for  5  minutes  at  room 
temperature.  The  supernatant  was  carefully  removed  to  leave  20  p.1  of  supernatant  over  the 
pelleted  beads. 

Binding  Assay 

The  pre-adsorbed  nuclear  extract  was  placed  in  eppendorf  tubes  at  a  volume  of  1.0  ml. 
When  competitor  nucleic  acid  was  used,  it  was  added  first  and  allowed  to  mix  with  the  extract  for 
15  minutes  at  room  temperature.  The  competitor,  poly(dI-dC)-(dI-dC)  (Pharmacia,  Piscataway, 
NJ),  was  added  at  40  times  the  concentration  of  the  double  stranded  oligonucleotide.  The  amount 
of  oligonucleotide  added  was  100  pmoles/ml  of  mix  unless  otherwise  noted.  After  20  minutes  on  a 
slowly  rotating  wheel,  at  room  temperature,  the  mix  was  centrifuged  for  2  minutes  at  13,000  x  g. 
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All  but  20  )il  of  the  mix  was  removed  and  added  to  35  (il  pellet  of  streptavidin-agarose.  After 
rotating  for  30  minutes  at  room  temperature,  the  mix  was  centrifuged  for  15  second  at  13,000  x  g. 
The  supernatant  was  removed  and  the  beads  washed  three  times  with  a  solution  containing  100 
mM  KC1  and  1.5  mM  MgCH.  The  bound  proteins  were  analyzed  by  polyacrylamide  gel 
electrophoresis,  immediately  prior  to  loading  the  gel,  the  beads  were  thawed,  placed  in  a  boiling 
water  bath  for  3  minutes,  centrifuged  for  2  minutes  at  13,000  x  g  and  the  supernatant  loaded  onto 
the  gel. 

Nuclear  Transcription  Analysis  of  Mitogen  Induced  Gene  Expression 

Jurkat  T  cells  w-ere  infected  and  cloned  7  days  later.  At  the  time  of  analysis  following  50 
days  in  culture,  no  RT  activity  was  detectable.  Nuclei  were  isolated  after  4  hours  of  culture  in  the 
presence  or  absence  of  PHA  (1  pl/ml)  and  PMA  (25  ng/ml).  In  vitro  RNA  transcription  was 
performed  and  the  3~P-radiolabeled  nuclear  RNA  was  hybridized  to  cDNAs  immobilized  on 
nitrocellulose  filters. 

Dot-blot  Analysis  of  HIV- 1  RNA  Levels  in  Infected  Lymphocytes  Following  Mitogen 

Activation 

CD4+  lymphocytes  were  purified  from  normal  donors  by  affinity  rosetting,  activated  with 
PHA,  and  infected  with  HIV-1.  Cultures  were  maintained  in  RPMI  1640  -10%  fetal  calf  serum 
supplemented  with  10%  partially  purified  human  IL-2.  Six  days  after  infection,  uninfected  and 
HIV-1  infected  cultures  were  washed  and  incubated  with  medium  or  medium  supplemented  with 
PHA  (1  pg/ml)  and  PMA  (25  ng/ml)  for  18  hours.  Total  cytoplasmic  RNA  was  isolated,  serially 
diluted  two-fold,  immobilized  on  nitrocellulose  filters,  and  hybridized  to  32P-radiolabeled  tat-III 
cDNA. 

Mitogen  Stimulation  of  the  HIV-1  LTR  and  CAT  Assays 

Plasmids  containing  the  HIV-1  LTR  ligated  to  the  CAT  gene  (-117  construct)  were 
cotransfected  using  DEAE-dextran  into  Jurkat  cells  (5  (ig  DNA  per  107  cells)  with  either  a  tat-I 
cDNA  expression  vector  or  a  control  expression  plasmid  containing  an  inactive  frameshift  on  the 
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tat-I  gene  (Atat-I).  Ionomvcin  (0.5  (ig/ml),  PHA  (1  (ig/ml),  or  PMA  (50  ng/ml)  was  added  24 
hours  after  transfection.  Extracts  from  2x10^  cells,  normalized  for  total  protein  content,  collected 
20  to  24  hours  after  induction,  were  incubated  with  ^C-labeled  chloramphenicol  for  8  hours  to 
determine  CAT  activity  (49).  The  acetvlated  and  nonacetylated  reaction  products  were  separated  by 
a  thin  layer  chromatography.  The  level  of  CAT  activity  was  determined  by  cutting  out  the  regions 
of  acetylated  chloramphenicol  and  counting  in  a  scintillation  counter.  Results  were  reported  as  a 
ratio  of  counts  induced  relative  to  that  obtained  from  uninduced  cells  (basal  level  =  1.0). 

Scrape  Loading  of  Recombinant  Tat  Protein 

Scrape  loading  of  recombinant  Tat  protein  was  performed  as  follows.  HeLa  cells  stably 
transfected  with  HIV-LTR-CAT  (2  x  106  cells/75  cm2  flask)  were  scraped  from  flasks  using  a 
Teflon  scraper  and  loaded  with  10  gig  protein  extract  in  buffer  containing  140  mM  KC1,  10  mM 
KH2PO4,  and  0.1  M  EDTA  for  5  minutes  at  37°C.  Dulbecco's  Modified  Eagle's  Medium 
containing  10%  fetal  calf  serum  was  added,  cells  were  lysed  by  freeze/thawing,  and  CAT  assays 
were  performed  on  the  cell  extracts  according  to  Gorman  et  al.  (48). 

RNA  Gel  Mobility  Shift  Assay 

RNA  probes  were  generated  by  in  vitro  transcription  of  truncated  templates  with  T7  or  SP6 
enzymes  in  the  presence  of  a  32p  UTP.  RNA  probes  w'ere  purified  on  denaturing  polyacrylamide 
gels  (10%).  The  specific  RNA  band  was  excised,  eluted,  precipitated  in  ethanol,  and  resuspended 
in  dH^O  for  gel  mobility  shift  assay. 

RNA  binding  reactions  were  carried  out  for  10  minutes  at  room  temperature  in  30  (il 
reactions  containing  60  mM  NaCl,  12  mM  HEPES  (pH  7.9),  12  mM  DTT,  4  mM  Tris  (pH  8.0),  4 
mM  MgCl2,  10%  glycerol,  1  fig  poly  dldC,  60  units  placental  RNase  inhibitor  and  1000-3000 
epm  RNA  probe.  Reaction  were  mixed  with  0.5  x  TBE  buffer  (19:1)  and  loaded  on  8% 
polyacrylamide  gels.  Electrophoresis  was  carried  out  for  2  hours  at  200  volts.  Gels  were  dried 
and  exposed  to  X-ray  film.  For  Tai  1  -72  binding,  the  reaction  (20  p.1)  contained  50  mM  Tris  HC1, 
pH  7.0,  1  mM  2-mercaptoethanol,  500  ng  heparin,  and  10,000  cpm  TAR-RNA.  After  30  minutes 
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at  room  temperature,  glycerol  was  added  and  the  reactions  were  electrophoresed  for  2  hours  at  200 
volts  on  8^  TBE  polyacrylamide  gels. 

Site  Directed  Mutagenesis 

A  0.4-kb  Smal-BamHI  fragment  containing  sequences  derived  from  the  iai  cDNA  clone 
pCV-1  (20)  was  excised  from  pTAT  (50)  and  inserted  into  the  replicative  form  (RF)  of  M13mpl8. 
Site-directed  mutagenesis  was  performed  with  20-base  oligodeoxynucleotides  by  standard 
procedures  (51).  For  the  gly2,5,9  mutation  a  42-base  oligodeoxynucleotide  was  used  to  generate 
the  triple  missense  mutant.  Mutations  were  confirmed  by  DNA  sequencing.  The  Xbal-BamHI 
fragments  from  wild-type  and  mutant  RF  phage  DNA  were  subcloned  into  the  eukaryotic 
expression  vector  pS\;L  (Pharmacia,  Piscataway,  NJ)  containing  the  SV40  late  promoter,  splice 
donor-acceptor,  and  polyadenylation  signals.  To  construct  the  mutants  D2-8Gly9,  SH-2,  and  SH- 
3,  the  double-stranded  oligonucleotides  with  Xbal  and  Apal  ends  was  subcloned  into  the  unique 
Xbal  and  Apal  restriction  enzyme  sites  in  pSVLgly2,5,9.  The  nucleotide  sequences  of  coding 
strands  used  to  generate  these  mutants  were  as  follows  (coding  sequences  underlined): 
CTAGATCGACAGAGGAGAGCAAGAAATGGGGCC  (D2-8GLY9),  CTAGATCGACAGA- 
GGAGAGCAAGAATGGAGCAACTAGAGCAACTAGGGCC  (SH-2),  CTAGATCGACAGAG- 
GAGAGCAAGAAATGGAGCAACTAGAGCA ACTAGAGCAACTAGGGCC  (SG-3).  The 
mutants  generated  by  this  procedure  are  shown  in  Figure  13.  Each  of  the  three  acidic  residues  at 
positions  2,  5  and  9  were  converted  to  a  neutral  residue  (gly).  In  other  constructs  the  residues  at 
position  5  or  9  were  converted  to  acidic  (asp,  glu),  neutral  (ala)  or  basic  (asp)  residues. 

3.  Results 

LTR-Directed  Expression  in  Infected  and  Uninfected  Cells 

A  series  of  plasmid  constructs  containing  deletions  of  HIV-1  LTR  linked  to  the 
chloramphenicol  acetyl  transferase  (CAT)  gene  were  constructed  as  described  in  Figure  12.  The  5' 
deletion  clones  were  transfected  into  H9  cells  or  H9/HIV  cells  and  CAT  assays  were  performed  on 
the  cell  lysates  within  40-48  hours  post  transfection.  The  results  of  the  assays  are  shown  for  each 
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clone  in  Figure  14.  The  first  column  shows  values  of  CAT  activity  following  transfection  into  H9 
cells  and  the  second  column  shows  the  results  in  H9/H1V-1  cells.  The  much  increased  level  of 
CAT  activity  in  infected  cells  is  apparent  from  the  reaction  conditions.  The  RSVCAT  plasmid 
(values  in  parenthesis)  served  as  a  positive  control  in  these  experiments  for  both  transfection 
efficiency  and  CAT  expression.  The  values  for  infected  cells  show  >1000  fold  activity  as  opposed 
to  uninfected  cells  for  clones  containing  complete  LTRs. 

Deletions  to  position  -117  showed  no  significant  differences  (<2  fold  variation)  from 
CD12CAT  in  either  infected  or  uninfected  cells.  However,  the  activity  of  clone  -103  in  uninfected 
cells  was  reduced  by  a  factor  of  4-9  fold  while  values  for  infected  cells  did  not  significantly 
change.  Further  deletions  to  -65  and  -48  resulted  in  loss  of  activity  in  uninfected  cells  and  either 
partial  or  complete  loss  of  activity  in  infected  cells  respectively. 

Lack  of  a  Negative  Regulatory  Elements 

Negative  regulatory  elements  were  not  detected  in  the  U3  region  in  this  study  in  contrast  to 
previous  studies  (12).  The  reasons  for  this  are  unclear.  The  6-fold  suppression  of  activation 
reported  would  still  allow  greater  than  1000-fold  activity  in  HIV-1  infected  cells  relative  to 
uninfected  cells  reflecting  in  our  opinion  a  minor  role  for  this  element  even  if  it  existed. 

Localization  of  Enhancer  Elements 

The  loss  of  activity  in  uninfected  cells  upon  deletion  of  sequences  between  -103  and  -65 
suggested  that  an  enhancer  element  might  be  located  within  this  region.  To  test  this  hypothesis,  an 
oligonucleotide  spanning  -104  to  -80  was  synthesized  with  Xba  1  compatible  ends  and  cloned  into 
the  Xba  1  site  of  -65  and  -48.  The  resulting  clones  were  assayed  for  functional  restoration.  The 
results  of  the  CAT  analyses  of  these  clones  are  shown  in  Table  13.  Clone  -65E2  contained  the 
sequences  in  the  5'  to  3'  orientation  while  clone  -65E5  contained  the  reversed  orientation.  The 
direct  repeats  were  inserted  ahead  of  -48  in  the  5'  and  3'  orientation  in  clones  -48E9  and  -48E14 
and  in  the  3'  to  5'  orientation  in  clone  -48E8.  DNA  sequencing  confirmed  that  the  clones 
contained  the  entire  -105  to  -80  region  except  -48E14  which  is  missing  base  pair  -80. 
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In  all,  plasmids  -65E2  and  -65E5  were  positive  within  or  above  the  range  seen  for  the  fully 
active  LTR  sequences  of  CD  12  while  -65  (data  not  shown)  and  the  clones  -48E8,  -48E9  and 
-48E14  were  approximately  10-fold  less  active.  Since  the  activities  seen  with  these  clones  did  not 
depend  on  the  orientation  of  the  inserts,  the  direct  repeat  region  has  the  property  of  the  enhancer. 

The  tat  Response  Region  (TAR) 

Previous  studies  have  shown  that  heterologous  promoter  and  enhancer  sequences  could  be 
placed  upstream  of  die  -17  to  +80  region  of  the  HTV-l-LTR  and  be  activated  1000-fold  (12).  We 
have  made  further  deletions  in  this  region  to  more  precisely  define  the  elements  which  are 
responsible  for  the  transactivation  phenomenon.  For  this  we  used  the  i&t  responsive  clone,  -117, 
to  construct  a  deletion  from  the  Bgl  II  site  at  +20  to  the  Sst  I  site  at  +38.  The  clone,  -1 17  ABS, 
lacked  laj  responsiveness  but  displayed  normal  levels  of  expression  in  H9  cells  as  shown  in  Table 
13.  Thus  sequences  intermediate  of  Bgl  II  and  Sst  I  were  indispensable  for  tat  response. 
Furthermore  a  deletion  of  four  base  pairs  of  the  Sst  1  site  GAGCTC  at  +34  was  also  made.  This 
clone,  -117  AS,  had  no  tat  response  when  transfected  into  H9/HIV-1  cells  (Table  13).  Identical 
results  were  obtained  when  clones  -117  ABS  or  -117  AS  were  transfected  into  nonlymphoid  COS- 
1  cells. 

To  further  delimit  the  region  necessary  for  iat  response  shown  here  to  extend  downstream  of 
base  pair  +38,  a  17  base  pair  oligonucleotide  of  sequences  from  +39  to  +55  with  5'  Sst  I  and  3' 
Hindlll  insertable  ends  was  synthesized  and  cloned  into  the  Sst  I  (+38)  and  Hindlll  (+79)  +55. 
The  resulting  clone,  -117  +56H  was  restored  for  tat  response  (data  not  shown).  Inspection  of  the 
sequences  in  the  region  of  the  Bgl  II  and  Sst  I  sites  for  significant  features  revealed  an  inverted 
repeat  sequence  of  1 1  and  10  base  pairs  (bp)  at  positions  +12  and  +40.  An  8  bp  directly  repeated 
sequence  (CTCTCTGG)  was  also  present  at  +5  and  +37.  Simply  preserving  the  inverted  repeat 
sequences  as  in  -1 17  ABS  was  not  sufficient  for  maintaining  tat  responsiveness.  The  larger  stem 
loop  structure  may  be  important  because  of  the  spacing  between  the  inverted  repeat.  On  the  other 
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hand,  the  second  CTCTCTGG  sequence  was  disrupted  in  both  -117  AS  and  -117  ABS  and  it  is 
possible  that  this  sequence  may  be  important  for  tat  response. 

Characterization  of  Cellular  Proteins  that  Recognize  the  HIV  Enhancer 

Nucleic  acid  affinity  procedures  were  designed  to  identify  cellular  proteins  w'hich  bind  the 
enhancer  element  of  HIV  and  may  be  involved  in  directing  expression  of  genes  linked  to  this 
region.  For  this  purpose,  we  developed  a  DNA-affinity  precipitation  assay  analogous  to 
immunoprecipitation  studies  of  cellular  proteins.  The  principle  is  to  separate  specific  DNA  binding 
proteins  from  complex  mixtures  of  proteins,  and  then  to  resolve  them  by  gel  electrophoresis. 
Synthetic  oligonucleotides  or  restriction  fragments  were  covalently  modified  by  the  addition  of  a 
biotin  group  and  mixed  with  either  whole  cell  or  nuclear  protein  extracts.  The  protein-nucleic  acid 
complexes  were  collected  on  streptavidin-agarose  beads.  The  proteins  were  eluted  from  the  beads 
and  resolved  by  standard  gel  electrophoresis  techniques.  A  routine  assay  can  be  accomplished 
within  3  hours,  excluding  gel  running  time.  The  assay  can  therefore  be  used  to  directly 
characterize  proteins  from  individual  cell  lines  that  recognize  a  particular  nucleic  acid  sequence  and 
to  compare  such  proteins  to  those  that  bind  to  other  regulatory  elements.  This  assay  can  also  be 
used  to  demonstrate  cell  specific  or  response  specific  binding  proteins  by  analyzing  different  cell 
lines  under  various  growth  conditions.  In  addition  to  isolating  those  proteins  that  interact  with  a 
nucleic  acid-protein  complex,  these  assays  can  be  used  to  identify  proteins  that  bind  specifically  to 
the  nucleic  acid.  This  simple  assay  is  meant  to  complement  current,  widely  used  procedures  such 
as  gel  retardation  and  nuclease  protection  assays  of  protein-nucleic  acid  interactions. 

Our  earlier  studies  with  deletions  of  the  HIV-LTR  have  revealed  an  enhancer  element 
between  -105  and  -80  base  pairs  upstream  of  the  transcription  start  site  and  both  positive  and 
negative  control  regions  at  sites  upstream  of  this  enhancer  element.  In  continuing  these  studies,  we 
examined  the  interactions  of  cellular  proteins  with  the  genetically  well  characterized  HIV  enhancer. 
This  enhancer  (-104  to  -80)  contains  a  100  bp  direct  repeat,  GGGACTTTCC,  that  is  100% 
homologous  to  enhancers  to  two  DNA  viruses,  SV40  (52)  and  human  cytomegalovirus  (53),  and 
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to  a  sequence  in  the  kappa-immunoglobulin  light  chain  gene  enhancer  region  (40).  For  use  as 
probes  we  synthesized  oligonucleotides  containing  two  complete,  tandem  copies  of  the  region 
extending  from  -106  to  -79  (Figure  14)  (39)  which  were  termed  HIVEN3c  1  and  2.  Parallel 
mutant  oligonucleotides  called  HIVEN3m  3  and  4  contain  three  point  mutations  within  each 
decamer  repeat.  The  mutant  construct  was  chosen  because  it  had  previously  been  shown  to 
abrogate  PHA  +  ial  III  inducible  activity  of  H1V-LTR  reporter  gene  constructs  (40).  Figure  15, 
lane  4,  shows  the  pattern  of  proteins  that  bind  to  the  wild-type  annealed  oligonucleotides 
HIVEN3cl/2  using  nuclear  extracts  prepared  from  H9  cells.  The  pattern  is  complex  with  proteins 
of  130  kD,  1 10  kD,  86  kD,  40  kD,  35  kD,  and  28  kD  in  size  being  easily  detected.  These  proteins 
are  not  detected  in  control  reactions  lacking  biotinylated  oligonucleotides  (Figure  15,  lane  3). 
Using  mutant  probe  HIVEN3m3/4  there  is  a  significant  decrease  in  binding  of  the  protein(s) 
migrating  at  86  kD  (Figure  15,  lane  5);  whereas  the  remaining  proteins  are  still  precipitated. 
Comparison  of  the  protein  patterns  with  these  two  DNA  fragments  define  four  classes  of  proteins: 
(])  non-specific  proteins  such  as  actin  (42  kD)  that  are  precipitated  by  the  streptavidin-agarose 
beads;  (2)  proteins  enriched  by  binding  the  wild-type  fragment  and  the  mutant  fragment,  such  as 
130  kD  and  110  kD;  (3)  a  protein^)  preferentially  associated  w-ith  the  wild  type  fragment,  186  kD; 
and  (4)  a  protein(s)  designated  by  the  that  bind  to  the  mutant  oligonucleotide  probe. 

The  relationship  between  the  LTR  binding  proteins  in  stimulated  Jurkat  cells  to  those  found 
in  H9  cells  was  compared.  Two  human  B-lymphoblast  cell  lines  expressing  exclusively  either  the 
kappa-  or  the  lambda-immunoglobulin  light  chains  (54)  were  also  included.  The  kappa- 
immunoglobulin  producing  cell  line  provides  a  putative  NF-KB  positive  control  for  comparison 
with  the  PHA-induced  Jurkat  cells,  and  the  lambda-immunoglobulin  producing  cell  line  was 
chosen  to  determine  if  they  possess  similar  and/or  unique  proteins. 

To  address  this  issue  we  carried  out  a  series  of  gel-retardation  assays  using  a  cloned  HIV 
enhancer  12-base  pair  probe  (-GGGACTTTCCAG-)  in  addition  to  the  microscale  affinity  assay. 
Figure  16  shows  that  protein  extracts  from  each  of  the  cell  lines  assayed  contained  activities  that 
bind  to  this  sequence  element.  These  patterns  are  more  complex  than  previously  reported  (55). 
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The  specificities  of  these  interactions  were  determined  by  the  addition  to  the  retardation  reactions  of 
competitor  oligonucleotides  that  were  the  same  biotinylated  probes  used  in  the  binding  assays. 
Band  1  is  found  only  in  H9  cells,  not  in  the  B-lymphoblast  cell  lines  nor  in  the  Jurkat  cells  +  PHA. 
It  is  competed  specifically  by  the  HIVEN3cl/2.  Band  3  (a  poorly  resolved  doublet)  is  found  in  H9 
cells,  in  both  kappa-  and  lambda-  light  chain  producing  B-lymphoblast  lines,  and  is  substantially 
induced  in  Jurkat  cells  upon  stimulation  with  PHA  for  times  previously  shown  to  be  sufficient  to 
induce  transcription  of  HIV-LTR  linked  reporter  genes.  This  behavior  correlates  with  the  activity 
referred  to  as  NF-KB  in  that  lectin  stimulated  Jurkat  cells  and  kappa-immunoglobulin  producing  B- 
lymphoblasts  both  form  the  band  3  complex.  The  lambda-immunoglobulin  producing  cells  also 
appear  to  have  an  identical  activity  (Figure  16,  BN  10,  band  3).  These  assays  show  that  an  86  kD 
protein  (Band  3,  designated  HIVEN86A  protein)  is  present  in  H9  cells  and  both  B-lymphoblast 
cell  lines.  In  Jurkat  cells,  stimulation  with  PHA  results  in  a  significant  increase  of  this  protein 
binding  to  the  HIVEN3cl/2.  These  results,  therefore,  have  identified  a  protein  of  86  kD  w'hich 
binds  to  the  HIV  enhancer  that  appears  following  stimulation  of  Jurkat  cells  with  PHA. 

Studies  on  the  Post-Transcriptional  Effects  of  tat 

The  post-transcriptional  effects  of  tai  were  examined  using  a  system  in  which  any 
transcriptional  control  by  taj,  is  eliminated  by  looking  just  at  post-transcription  events.  Plasmids 
were  constructed  which  contained  the  T7  RNA  polymerase  recognition  sequences  upstream  of  the 
TAR  region  joined  to  the  chloramphenicol  acetyl  transferase  gene  in  plasmid  T7-TAR-CAT  as 
shown  in  Figure  17.  This  construct  w'as  digested  with  Bam  HI  and  capped  RNA  transcripts  were 
synthesized  in  vitro  using  T7  RNA  polymerase  (Figure  18).  The  resulting  transcripts  contained 
bases  1  to  80  of  the  HIV  mRNA  linked  to  the  CAT  gene  as  determined  by  Northern  analysis  and 
by  primer  extension.  These  RNAs  were  then  microinjected  into  Xenopus  oocytes  in  the  presence 
and  absence  of  tat  expression  vectors.  Extracts  of  these  oocytes  were  prepared  and  analyzed  for 
CAT  activity.  Co-injection  of  the  HIV  TAR-CAT  RNA  with  i&I  expression  vectors  resulted  in  a 
30-fold  increase  in  the  amount  of  CAT  synthesized  relative  to  that  with  HIV  TAR-CAT  RNA 
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clone.  This  is  direct  evidence  that  the  transactivating  events  mediated  by  1M  III  are  at  least  in  part 
post-transcriptional. 

Activation  of  HIV- 1  LTR  by  T-Cell  Mitogens  and  the  tat-I  Protein  of  HTLV-I 

The  enhancement  of  HIV-1  gene  expression  by  mitogenic  stimulation  was  examined  in  in 
vitro  RNA  transcription  assays.  Mitogen  induced  HIV-1  gene  transcription  was  measured  in  HIV- 
1  infected  Jurkat  T  cells  before  and  after  combined  stimulation  with  PH  A  and  PM  A.  As  shown  in 
Figure  19A,  HIV-1  gene  transcription,  as  monitored  with  tat  III  cDNA  (containing  5'-sequences 
common  to  all  HIV-1  transcripts)  was  induced  within  4  hours  following  stimulation.  These 
mitogens  also  induced  transcription  of  the  interleukin  2  receptor  (Tac)  gene  as  expected  in  activated 
T  cells  and  moderately  increased  expression  of  the  actin  gene.  In  contrast,  the  constitutive 
transcription  of  the  transferrin  receptor  gene  was  not  altered.  With  purified  CD4+  peripheral  blood 
lymphocytes  (PBL)  infected  in  vitro  with  HIV- 1,  PKA  plus  PMA  also  augmented  cytoplasmic 
HIV-1  RNA  as  measured  by  a  quantitative  dot  b lotting  technique  (Figure  19B). 

The  ability  of  the  mitogens  to  alter  the  activity  of  HIV-1  LTR  was  measured  in  an  in  vitro 
system  in  which  the  LTR  was  linked  to  the  chloramphenicol  acetyl  transferase  (CAT)  gene.  For 
these  analyses,  a  nested  series  of  5'  deletion  mutations  or  full  length  LTR  was  linked  to  the  CAT 
gene  and  transfected  into  Jurkat  T  cells.  A  single  stimulatory'  agent  (PHA,  PMA,  ionomycin  or 
cotransfection  with  an  expression  vector  encoding  the  tat-I  proiein  of  HTLV-I)  is  sufficient  to 
induce  interleukin-2  receptor  gene  expression  in  these  leukemic  cells  (56,57,58).  In  contrast,  a 
combination  of  two  of  these  signals  (for  example,  PHA  plus  PMA,  tat-I  plus  PHA  or  iai-I  plus 
PMA)  is  required  to  activate  interleukin-2  (IL-2)  gene  expression  (58,39). 

Each  of  the  T-cell  mitogens  (ionomycin,  PHA,  PMA  and  tat-I)  was  found  to  be  capable  of 
stimulating  the  HIV-1  LTR.  The  results  of  CAT  activation  using  the  -1 17  deletion  mutant  (59)  of 
the  HIV-1  LTR  are  shown  in  Figure  20  as  an  example  of  each  of  these  responses.  A  similar 
analysis  was  also  carried  out  with  full-length  LTR  and  the  complete  series  of  5’  deletion  mu  ants, 
to  determine  the  location  of  the  cis-acting  LTR  sequences  responsible  for  mitogenic  activity.  The 
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results  of  these  analyses,  expressed  as  a  percent  transactivation  by  full-length  LTR  is  shown  in 
Figure  21. 

A  deletion  of  the  region  located  between  -671  and  -278,  resulted  in  increased  basal  and 
mitogen-stimulated  HIV-1  LTR  CAT  activity,  suggesting  that  a  negative  regulatory  element  (NRE) 
is  located  in  this  region.  Rosen  et  al.  (45)  have  mapped  an  NRE  between  -340  and  -185  which 
affects  basal  activity.  Our  finding  demonstrate  that  this  NRE  also  controls  the  magnitude  of  the 
mitogen-induced  responses,  and  suggests  that  its  3'  border  does  not  extend  beyond  -278. 

The  maximal  changes  in  PHA  and  PMA  induced  LTR  activities  were  observed  with  the  -278 
construct.  Further  deletion  to  -176  was  associated  with  a  decline  in  this  activation  while  basal 
activity  remained  constant.  This  region  (-278  to  -176)  contains  two  segments  highly  homologous 
to  two  imperfect  repeats  within  the  5'  regulatory  regions  of  both  the  IL-2  and  IL-2  receptor  genes 
(59).  Further  deletion  to  -117  and  -103  which  removes  one  base  from  the  first  direct  repeat 
(enhancer)  of  the  HIV-1  LTR  produced  a  decline  in  both  the  basal  and  PHA  and  PMA  induced 
responses.  Additional  deletion  to  -65,  which  eliminates  both  of  the  direct  repeats  and  one  of  the 
three  Spl  binding  sites  (23),  but  leaves  the  "TATA"  box  intact,  was  associated  with  a  near 
complete  loss  of  basal  activity  and  mitogen  inducibility. 

The  stimulation  of  the  HIV-1  LTR  by  Ionomycin  showed  very  little  response  to  the  various 
deletions,  and  remained  constant  at  1.7  to  2.5  times  the  basal  level  over  the  full  range  of  deletions, 
until  -65  where  the  stimulator}'  effects  disappeared  (data  not  shown).  Although  these  effects  were 
small,  they  were  consistently  observed  in  21  of  21  determinations  using  either  the  full  length  or 
deleted  versions  of  the  HIV-1  LTR. 

Stimulation  of  HIV-1  LTR  by  tat-I.  the  transactivator  from  HTLV-I  infected  cells,  was  also 
examined  in  these  assays,  by  cotransfection  with  a  plasmid  encoding  tat-I.  The  -671,  -278,  and  - 
176  deletions  exhibited  only  a  modest  stimulation  by  tat-I  relative  to  the  basal  response,  and 
certainly  significantly  lower  than  observed  with  PHA  and  PMA.  The  -117  and  -103  deletions,  on 
the  other  hand,  exhibited  marked  stimulation  of  the  HIV-1  LTR  by  tat-I. 
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The  1M-III  protein  of  HIV-1  is  believed  to  exert  both  transcriptional  and  post-transcriptional 
effects  on  HIV-1  gene  expression  (21,60,61).  The  potential  interplay  between  the  mitogens  and 
tat-III  was  examined  by  cotransfecting  the  Jurkat  T  cells  with  both  the  HIV-1  LTR-CAT  (-671 
construct)  and  the  lai-III  expression  plasmid  and  subsequently  inducing  with  the  various  mitogens. 
The  amount  of  HIV-1  LTR  stimulation  by  mitogens  alone  or  in  combination  with  the  M-HI  was 
determined,  and  the  results  are  shown  in  Table  14.  The  results  are  expressed  as  amount  of  CAT 
activity,  relative  to  that  produced  in  medium  alone  (relative  CAT  activity  equals  1 .0).  These  results 
show  that  combinations  of  the  mitogenic  agents  (ionomycin,  PHA  or  PMA)  and  laiTII  produced 
synergistic  stimulation  of  HIV-1  LTR.  A  similar  synergistic  effect  was  observed  with 
combinations  of  M-I  and  lai-HI  (data  not  shown). 

Binding  of  tat  to  the  5'  Region  of  Viral  mRNA 

The  interactions  between  Tgt  protein  and  the  LTR-TAR  regions  observed  by  us  and  reported 
by  others  have  suggested  a  direct  binding  of  the  Tgi  protein  to  this  region.  We  wanted  to  determine 
whether  such  direct  binding  can  actually  be  demonstrated.  Recombinant  Tat  proteins  were 
produced  in  E.  coli  and  baculovirus  expression  systems.  These  proteins  are  biologically  active  as 
demonstrated  by  the  scrape-loading  procedure  into  HeLa  cells,  which  contained  a  stably  integrated 
HTV-1  LTR  linked  to  the  bacterial  chloramphenicol  acetyl  transferase  gene.  For  this  procedure,  the 
cells  are  scraped  into  a  low  salt  buffer,  mixed  with  the  Tai  protein,  and  allowed  to  sit  undisturbed 
for  5  minutes  before  diluting  into  complete  medium.  The  chloramphenicol  acetyl  transferase 
activity  was  subsequently  tested  by  standard  means. 

The  plasmid  T7-TAR-CAT  which  contains  the  T7  RNA  polymerase  recognition  sequences 
upstream  of  the  TAR  region  joined  to  the  chloramphenicol  acetyl  transferase  gene  (Figure  18)was 
used  to  generate  capped  RNA  transcripts  in  vitro  using  the  T7  RNA  polymerase.  The  2.8  kb 
fragment  from  the  Bam  HI/Hind  III  digestion  of  this  plasmid  was  gel  purified  and  used  in  in  vitro 
transcription  reactions.  ^P-labeled  transcripts  from  the  initial  80  nucleotides  from  the  5'-end  of 
HIV-1  mRNA  were  generated  in  this  manner. 
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The  RNA  gel  mobility  shift  assay  was  used  in  conjunction  with  wild  type  and  mutant 
transcripts  to  determine  the  requirements  for  the  binding  activity.  A  4bp  deletion  in  the  T7-TAR- 
CAT  plasmid  was  generated  by  SstI  digestion,  blunt  ending  with  T4  polymerase  and  religation  of 
the  T7-TAR-CAT  plasmid.  This  procedure  removed  4  bp  at  +35  to  +38  nucleotides.  The  resulting 
plasmid  (AS)  contained  a  deletion  overlapping  the  loop  and  stem,  resulting  in  an  enlargement  of  the 
loop  and  the  loss  of  the  UCU  bulge  at  +23  to  +25  (Figure  22).  This  mutation  had  been  shown  to 
abolish  transactivation  of  the  HIV-1  LTR-CAT  (62). 

RNA  transcripts  of  the  T7-TAR-CAT  construct  containing  the  AS  mutation  were  prepared 
and  incubated  in  the  presence  or  absence  of  the  recombinant  Tat  proteins  from  the  E.  coli  or 
baculovirus  expression  systems  (63).  The  resulting  complexes  were  analyzed  by  gel  shift  assays 
of  RNA  mobility  using  polyacrylamide  gel  electrophoresis.  The  results  of  the  gel  shift  assays  are 
shown  in  Figure  23.  Wild-type  TAR  transcripts  formed  a  stable  complex  with  both  sets  of 
recombinant  Tat  proteins  resulting  in  retarded  gel  migration.  The  mutant  AS  transcript,  on  the 
other  hand,  did  not  form  a  stable  complex  (Figure  23A).  These  results  suggest  that  the  (+35  to 
+38)  region  of  the  HIV-LTR  is  critical  to  the  binding  of  Tai  protein.  The  deletion  of  this  region 
may  result  in  the  alteration  of  the  loop  sequence  necessary  for  the  recognition  of  Tat. 

In  a  similar  set  of  experiments,  we  examined  the  ability  of  the  RNA  transcripts  to  compete 
with  the  wild  type  RNA  for  the  binding  of  Tat.  As  shown  in  Figure  23B,  the  addition  of  excess 
amounts  of  unlabeled  transcripts  from  both  wild  type  and  AS  constructs  effectively  competed  with 
the  wild  type  RNA  for  binding  to  the  Tai  protein.  Similar  results  were  obtained  whether  the  Tai 
was  derived  from  E.  coli  or  baculovirus.  Thus,  although  AS  transcripts  cannot  bind  efficiently  to 
Tat  protein,  they  can  compete  with  wild  type  transcripts  for  this  binding. 

The  specificity  of  the  gel  shift  assay  for  binding  to  Tai  was  demonstrated  in  a  similar  series  of 
experiments  using  recombinant  gpl60  or  r£v  protein  produced  in  a  Baculovirus  system.  These 
recombinant  antigens  failed  to  bind  to  the  TAR  transcripts,  while  the  recombinant  Tai  protein 
produced  in  either  the  Baculovirus  or  E.  coli  system  demonstrated  efficient  binding  (Figure  23C). 
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Functional  Characterization  of  tat  Mutants  -  Changes  in  Acidic  Residues 
The  functional  significance  of  the  acidic  residues  within  the  amino-terminal  region  of  Tat  was 
examined  by  means  of  site  directed  mutagenesis  and  by  testing  the  capacity  of  mutant  proteins  to 
transactivate  the  viral  LTR.  A  series  of  mutations  in  the  amino  terminal  of  HIV-1  M  was  generated 
and  inserted  into  the  expression  vector  pSVL.  The  function  of  these  substitutions  was  determined 
by  cotransfection  of  these  clones  with  pC15CAT  containing  the  HIV-1  LTR  linked  to  the 
chloramphenicol  acetyltransferase  (CAT)  gene  into  COS-1  cells.  The  relevant  nucleotide  sequence 
of  the  wild  type  Tat  protein  and  the  amino  acid  substitutions  are  shown  in  Figure  13.  Single  amino 
acid  changes  of  the  acidic  residues  at  positions  2,  5,  and  9  to  Gly  (mutants  gly2,  gly5,  and  gly9) 
were  only  partially  defective  in  tat  activity,  as  determined  by  the  level  of  CAT  activity  expressed 
from  the  HIV-1  LTR  (Figure  24).  A  triple  mutant  converting  all  three  acidic  residues  to  Gly 
(gly2,5,9)  was  virtually  inactive,  suggesting  that  individual  acidic  residues  might  function  in  an 
additive  manner.  The  gly2  mutant  exhibited  a  reduced  activity  (approximately  13-fold)  and  was  the 
most  deleterious  of  the  individual  Gly  substitutions,  suggesting  that  the  glutamate  at  position  2  is 
the  most  essential  acidic  residue  for  laj  function.  Substitution  of  the  aspartate  at  position  5  with 
Gly  caused  a  fivefold  reduction  in  1&1  activity  as  did  the  ala5  mutation.  Substitution  of  Lys  (I>s5) 
for  the  aspartate  (acidic  to  basic)  resulted  in  a  further  (two-fold)  decrease  in  activity  when 
compared  with  the  gly5  and  ala5  (acidic  to  neutral)  mutants.  Substitution  of  glutamate  for  aspartate 
(acidic  to  acidic)  caused  some  reduction  in  iai  activity,  but  was  better  tolerated  when  compared  with 
the  effects  of  other  mutations  at  position  5.  At  position  9,  substitution  of  aspartate  for  glutamate 
(asp9)  at  this  position  also  resulted  in  full  activity.  From  the  Chou  and  Fasman  (64)  analysis  of  the 
individual  Gly  substitutions,  we  could  predict  that  the  gly9  mutation  would  abolish  the  helix 
formation,  whereas  the  gly2  and  gly5  mutations  would  have  little  effect.  The  ala9  substitution, 
unlike  gly9,  should  not  affect  the  helix  prediction.  Therefore,  it  appears  that  residue  9  may  be 
important  for  structure  rather  than  charge. 
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Replacement  of  the  Amino-Terminal  of  tat  Protein 

Acidic  amphipathic  protein  domains  are  associated  with  transcriptional  activators.  Secondary 
structural  analysis  of  the  amino-terminal  region  of  1M  suggests  that  this  region  could  form  an 
amphipathic  a  helix.  To  test  the  role  of  acidic  amphipathic  sequences  in  tat  function,  we  replaced 
the  amino-terminal  region  w'ith  heterologous  sequences  using  synthetic  oligonucleotides  and  a 
cassette  mutagenesis  approach.  A  similar  approach  was  used  by  Giniger  and  Ptashne  (65)  in  the 
analysis  of  the  yeast  GAL4  protein.  We  took  advantage  of  a  unique  Apal  site  introduced  by  the 
gly9  mutation  to  insert  synthetic  double-stranded  oligonucleotides  containing  both  untranslated 
leader  sequences  to  the  translational  initiation  site  and  heterologous  sequences  encoding  repeats  of 
the  sequence  Glu-Gln-Leu,  w'hich  would  form  an  amphipathic  structure  if  an  a  helix  w'ere  to  form. 
The  amino  acid  sequences  of  these  substitution  mutants  are  illustrated  in  Figure  25A.  Mutant  SH-2 
substitutes  amino  acids  2  through  8  with  two  repeats  of  the  sequence  Glu-Gln-Leu.  SH-3 
substitutes  this  sequence  with  three  repeats.  Both  SH-2  and  SH-3  retain  the  original  glv9 
mutation,  as  does  the  truncation  mutant  A2 -8Gly9. 

The  induced  CAT  activity  of  each  of  these  mutants  is  shown  in  Figure  25B.  The  truncation 
mutant  produced  a  low,  but  observable  level  of  transactivation.  At  1  jag  of  DNA,  A2-8Gly9 
induced  a  two  fold  increase  in  the  HIV-1  LTR  directed  gene  expression.  This  is  slightly  higher 
than  the  level  obtained  with  the  gly2,5,9  triple  missense  mutation  (1.2-fold).  The  addition  of  the 
heterologous  amino  acid  repeats  increased  the  observed  CAT  activity  approximately  fivefold  in  the 
case  of  SH-2  and  SH-3,  relative  to  the  truncation  mutant.  At  10  |ig  of  DNA,  these  substitution 
mutants  induced  approximately  30%  of  the  wild-type  lai  activity.  However,  this  level  of  activity 
was  achieved  by  the  wild-type  lai  construct  at  0.1  jag  of  input  DNA.  The  induced  CAT  activities  of 
the  truncation  mutant  and  substitution  mutants  (SH-2  and  SH-3)  at  1  jig  of  DNA  were  2%  and 
1 1%  of  the  wild-type  level,  respectively.  The  transactivation  potential  of  SH-2  and  SH-3  at  this 
DNA  concentration  is  one-third  that  of  the  gly9  mutant  with  an  otherwise  intact  amino  terminus. 
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4.  Discussion 

Our  studies  of  the  activation  of  HIV-1  gene  expression  have  focused  on  the  interactions 
between  tat,  LTR,  and  cellular  factors  in  the  regulation  of  genes  linked  to  the  HIV-1  LTR. 
Mutation  experiments  in  the  HIV-LTR  region  have  identified  an  enhancer  element  of  26  base  pairs 
within  the  this  region.  This  enhancer  is  localized  at  position  -105  to  -80  from  the  CAP  site.  Since 
the  activities  seen  with  the  clones  in  this  region  did  not  depend  on  the  orientation  of  the  inserts,  the 
direct  repeat  region  has  the  property  of  the  enhancer.  A  perfect  homology  of  the  10  base  pair  direct 
repeat  was  found  in  the  SV40  72  base  pair  enhancer  region  in  the  sense  of  the  late  mRNA  and  in 
the  18  base  pair  repeated  motif  present  in  the  cytomegalovirus  major  immediate  early  gene 
promoter  (53).  Since  the  corresponding  region  of  HIV-1  is  biologically  active,  these  elements  may 
have  a  similar  biological  role  in  the  regulation  of  cytomegalovirus  and  SV40  expression  as  well. 
Our  analyses  show  that  deletion  of  the  first  G  of  the  enhancer  is  not  critical  since  clone  -103  is 
active.  Mutational  analyses  of  the  homologous  sequences  in  SV40  showed  that  the  last  cytosine 
residue  is  critical  for  SV40  enhancer  function. 

The  presence  of  sequences  at  -65  were  found  to  be  crucial  for  high  level  activity  along  with 
the  enhancer.  Sequences  within  the  region  are  known  to  bind  the  nuclear  factor  Sp-I.  The 
presence  of  viral  encoded  potentiators  in  the  H9/H3V  cell  system  (i.e.  the  tat  III  protein)  may 
provide  a  powerful  means  of  measuring  very  subtle  changes  in  low  level  transcriptional  activity. 
Alternatively,  tat  III  activation  may  include  an  interaction  with  Spl  or  its  target  sequence.  These 
possibilities  were  investigated  in  cell  free  transcription  systems  and  DNA  binding  experiments  (see 
below).  The  mutation  experiments  in  LTR  show  the  major  regulatory'  elements  involved  in  the 
region  upstream  from  the  HIV-1  promoter  consist  of  an  enhancer  region  from  -104  to  -80  which 
acts  cooperatively  with  the  Spl  binding  site  at  -65,  site  II. 

The  region  downstream  of  the  promoter,  the  TAR  or  trans-acting  response  region  is 
necessary  for  elevated  levels  of  CAT  expression  in  HIV  infected  cells  relative  to  that  in  uninfected 
cells.  The  TAR  region  had  been  previously  mapped  to  position  -17  to  +80,  but  the  experiments 
described  here  indicate  that  sequences  downstream  of  +49  are  not  essential  for  tat  response. 
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It  has  been  demonstrated  recently  that  a  major  effect  of  1M  activation  occurs  post 
transcriptionally  (21).  We  report  that  any  structural  feature  in  the  HIV-1  mRNA  which  would  play 
a  role  in  lai  response  would  have  to  be  located  upstream  of  +55.  It  is  conceivable  that  the  iai 
protein  or  cellular  factors  induced  by  the  virus  could  bind  to  such  a  structure  and  facilitate  post 
transcriptional  enhancement  of  expression. 

Our  studies  of  the  mitogen  and  iat  activation  of  HIV-1  LTR  have  helped  to  identify  additional 
functions  of  specific  regions  within  the  viral  LTR.  These  findings  raise  the  possibility  of  a  second 
NRE  located  between  the  -278  and  -117  that  selectively  impairs  activation  by  iM-I-  As  found  with 
PHA,  PMA  and  ionomycin,  deletion  to  -65  was  associated  with  a  complete  loss  of  tat-I  activation. 
Combined  stimulation  with  liH-I  and  PHA  or  PMA  produced  additive  effects.  In  contrast, 
combinations  of  PHA  and  PMA  yielded  no  greater  response  than  that  of  the  most  active  agent 
alone. 

Our  data  suggests  that,  in  many  respects,  the  HIV-1  LTR  is  regulated  like  a  T-cell  activation 
gene.  Its  response  to  single  mitogenic  signals  in  Jurkat  T  cells  resembles  the  IL-2  receptor  gene 
(41,42,52).  These  effects  of  mitogens  on  the  HIV-1  LTR  appear  specific  since  other  cellular  and 
viral  promoters  are  unaffected  by  these  stimuli  (52). 

The  tat-HI  protein  of  HIV- 1  may  exert  both  transcriptional  and  post-transcriptional  effects  on 
HIV-1  gene  expression  and  sequences  extending  from  -29  to  +54  within  the  LTR  appear  to  be 
involved  in  this  response.  To  study  the  potential  interplay  between  the  mitogens  and  iai-III,  an 
expression  vector  encoding  the  tat-III  gene  product  was  cotransfected  with  the  full  length  HIV-1 
LTR-CAT  plasmid  into  Jurkat  T  cells.  As  shown  in  Table  14,  combinations  of  the  mitogenic 
agents  (ionomycin,  PHA,  or  PMA)  and  iai-III  produced  synergistic  stimulation  of  the  HIV-1  LTR. 
Similar  synergism  was  observed  with  combinations  of  iai-I  and  tat-III. 

The  increased  HIV-1  LTR  activity  observed  with  combinations  of  the  mitogens  and  tat-III 
suggest  that  these  agents  act  through  independent  mechanisms  and  underscore  the  large  changes  in 
LTR  activity  that  can  occur  when  both  agents  are  present  (for  example,  >  9000  fold  increase  in 
CAT  activity  in  the  presence  of  PMA  and  liit-III).  Thus,  even  relatively  weak  mitogenic  stimuli. 
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such  as  the  effect  of  iai-I  on  the  full  length  HIV-1  LTR,  may  lead  to  marked  changes  in  viral  gene 
expression  by  triggering  production  of  the  iat-IH  protein. 

The  capacity  of  the  transactivator  gene  product  of  HTLV-I  to  stimulate  the  HIV-1  LTR  when 
present  in  the  same  cell  is  similar  to  the  effects  of  many  DNA  viruses  including  herpes  simplex, 
papovavirus,  and  varicella  zoster  (67).  This  finding  may  be  of  potential  clinical  importance  in  view' 
of  the  recently  recognized  high  incidence  (27%)  of  dual  HIV-1  and  HTLV-I  infection  in  some 
populations  of  intravenous  drug  abuse  patients  (68).  Our  in  vitro  results  raise  the  theoretical 
possibility  that  vaccination  or  immunization  of  HIV-1  infected  patients  could  produce  adverse 
effects  by  activating  the  replication  of  virus. 

The  studies  with  Tai  binding  activity  suggest  that  Tat  is  an  RNA  binding  protein  w-ith  some 
preference  for  TAR-RNA.  A  mutation  within  TAR  which  abolished  transactivation  also  prevented 
stable  complex  formation,  suggesting  that  the  binding  of  Tat  to  RNA  could  be  a  functional  step  in 
the  transactivation  pathway. 

It  is  not  yet  clear  which  elements  in  TAR  are  recognized  by  Tai  in  this  assay  system.  It  is 
possible  that  the  size  of  the  loop  and  some  structural  feature  of  the  RNA  (e.g.,  the  UCU  bulge)  are 
important  for  binding  since  the  AS  mutation  is  predicted  to  convert  the  loop  and  bulge  into  one 
loop.  The  fact  that  the  mutated  (AS)  RNA  does  not  form  a  complex  in  the  gel  shift  assay 
(Figure  23A),  but  can  compete  with  the  binding  of  wild-type  RNA  to  Tai  protein  (Figure  23B), 
suggests  that  the  Tai  protein  has  some  affinity  for  RNA  in  general,  forming  transient  complexes, 
and  that  the  Tat-TAR  complex  is  more  stable.  These  results  suggest  that  one  step  in  the  Tat 
activation  pathway  may  involve  direct  recognition  of  TAR  RNA  by  Tji  protein.  Cellular  factors 
may  also  be  required  for  transactivation  and  may  help  stabilize  the  Tat-TAR  interactions.  The 
assay  system  described  here  may  be  a  useful  tool  in  dissecting  the  sequence  and  protein 
requirements  involved  in  the  Tai  response. 

As  was  demonstrated  for  H9  cells,  the  use  of  the  binding  assay  can  lead  to  the  identification 
of  specific  nucleic  acid  binding  proteins  in  gel  patterns  derived  from  separation  of  whole  cell 
extracts.  The  identification  and  resolution  of  the  specific  HIV  enhancer  binding  proteins  on 
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polyacrylamide  gels  permits  the  direct  determination  of  the  effect  any  specified  manipulation  of  the 
cell  has  on  the  behavior  of  each  polypeptide.  General  application  of  this  approach  to  the  study  of 
defined  nucleic  acid  control  sequences  has  the  potential  of  providing  substantial  biological 
information  both  before  and  after  the  protein  is  purified.  The  binding  studies  described  in  this 
report  represents  the  initial  step  in  the  systematic  application  of  the  binding  assay  to  define 
inducible  and  cell  type-specific  cellular  proteins  that  interact  with  nucleic  acid  motifs  determined  to 
be  of  regulator}'  significance. 

The  detection  of  the  inducible  HIVEN86A  polypeptides  in  PHA-stimulated  Jurkat  cells  may 
indicate  that  they  are  involved  in  the  enhancement  of  HIV-LTR  mediated  transcription  previously 
reported  (39,40).  The  fact  that  the  same  protein  is  detected  in  a  kappa-immunoglobulin  producing 
cell  line  suggests  HIVEN86A  is  a  candidate  for  NF-KB  activity  (39,40,41).  The  demonstration 
that  H9  cells  and  lambda-immunoglobulin  producing  cells  have  the  same  gel -retardation  activity  as 
stimulated  Jurkat  cells  and  kappa-immunoglobulin  cells  extends  the  cell  type  and  differentiation- 
stage  previously  reported  for  the  constitutive  expression  of  NF-KB  activity  (39,40,41).  It  may  be 
that  HIVEN86A  is  either  completely  or  partially  responsible  for  NF-KB  activity.  Purification  of 
these  polypeptides  is  the  first  step  in  elucidating  the  biochemical  properties  of  each  HIV  enhancer 
binding  polypeptide.  The  binding  assay  will  provide  a  very  convenient  method  for  monitoring 
such  purification  efforts. 

The  availability  of  the  TAR  transcripts  which  have  been  generated  in  the  course  of  this  work 
will  permit  more  defined  examination  of  the  post-transcriptional  effects  of  lai.  The  microinjection 
experiments  using  transcripts  of  TAR  linked  to  the  CAT  gene  have  demonstrated  that  such  effects 
can  account  for  a  30-fold  increase  in  the  amount  of  CAT  synthesized.  The  experiments  with  the 
protein  binding  assays  with  the  in  vitro  synthesized  TAR  transcripts  will  also  be  very  useful  in 
examining  the  role  of  cellular  proteins  in  the  post-transcriptional  activities  mediated  by  tat. 

Our  studies  of  the  acidic  amino-terminal  region  of  HIV-1  Tai  protein  have  demonstrated  that 
this  region  represents  an  essential  activating  domain.  The  region  consisting  of  13  amino-terminal 
residues  has  features  such  as  acidity  and  potential  amphipatic  helicity  common  to  eukaryotic  gene 
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activator  proteins.  Our  mutation  studies  have  demonstrated  that  this  region  is  critical  for  efficient 
Tat  function. 

Although  the  substitution  of  the  acidic  amino  acid  residues  by  heterologous  sequences 
expected  to  form  an  acidic,  amphipatic  helix  can  partially  restore  Tai  function,  the  level  of  Tat 
activity  is  low.  This  suggests  that  some  component  of  the  amino  acid  sequence  or  some  structural 
specificity  may  be  required,  in  addition  to  the  acidic  and  amphipathic  character  of  the  region,  for 
full  Tat  activity.  We  cannot  exclude  the  possibility  that  the  secondary  or  tertiary  structure  of  the 
amino-terminal  domain  of  these  cassette  insertion  mutants  differs  from  that  of  the  wild-type  Tat 
protein.  For  example,  the  acidic  residues  may  not  be  presented  in  the  spatial  orientation  most 
favorable  to  trans-activation.  It  is  also  possible  that  the  Gly  residue  retained  at  position  9  has 
deleterious  effects. 

The  results  presented  here  suggest  that  the  amino-terminal  domain  of  HTV- 1  Tat  is  important 
for  transactivation.  However,  since  a  detectable  level  of  transactivation  is  observed  in  the  amino- 
terminal  truncation  mutant,  we  suspect  that  another  region  of  Jai  may  also  have  some  activation 
iunction. 
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C.  MOLECULAR  STUDIES  OF  THE  HTV-1  AND  HIV-2  GENOMES 


1 .  Rationale 

Human  immunodeficiency  virus  types  1  and  2  (HTV-1,  HIV-2)  are  related  retroviruses  and 
are  found  to  be  associated  with  the  acquired  immunodeficiency  syndrome  (AIDS)  in  humans 
(1,68-72).  Similarly,  a  simian  immunodeficiency  virus,  SIVmaC  has  been  isolated  from  captive 
macaques  with  AIDS  and  was  found  to  be  more  related  to  HIV-2  than  to  HIV-1  (73,74).  Other 
viruses  of  the  same  family  have  been  isolated  from  captive  and  wild  Old  World  Monkeys  (75-79). 
Genetic  comparisons  of  HIV-1,  HIV-2,  and  SIV  revealed  that  all  three  retroviruses  share  common 
biological  and  genetic  features  (29,30,80).  The  genetic  structures  of  these  retroviruses  are  more 
complex  than  the  structure  of  other  animal  retroviruses.  In  addition  to  the  structural  genes 
encoding  for  core  and  envelope  proteins,  several  accessory  genes  have  been  discovered.  The  lai 
gene  encodes  for  a  14K  Da  protein  that  acts  in  trans  to  increase  the  expression  of  viral  genes  (20). 
The  i£v  gene  encodes  for  a  19  Da  protein  which  differentially  regulates  the  expression  of  virion 
protein  (22,50,81).  The  nsf  gene  (27K  Da)  reduces  viral  expression  while  the  vif  gene  is  essential 
for  infectivity  of  cell-free  virus  (9,34).  The  vpr  gene  function  is  unknown  (82).  Another  gene, 
vpx.  is  present  in  HIV-2  and  SIV  but  not  in  HIV-1  (83,84).  The  vpx  gene  is  associated  with 
mature  virions,  but  does  not  have  a  known  function.  A  number  of  these  accessory  genes  are  not 
required  for  virus  replication  as  revealed  in  studies  involving  infection  of  T-cells  in  vitro.  An  in 
vivo  study  of  the  functional  roles  of  accessory  genes  is  required  in  order  to  understand  the 
pathogenesis  of  the  AIDS  virus. 

In  1986  the  genetic  diversity  of  the  HIV-2  and  SIV  genomes  was  unknown.  Since  the 
pathogenicity  and  evolution  of  these  viruses  were  being  debated,  a  critical  issue  was  to  determine 
the  degree  and  manner  of  divergence  among  various  HIV-2  and  SIV  isolates.  In  order  to 
determine  the  relationship  between  HIV-1,  HIV-2  and  SIV  retroviruses,  a  variety  of  isolates  were 
molecularly  cloned  and  sequenced  during  the  course  of  this  project.  This  work  has  aided 
researchers  in  the  development  of  an  evolutionary  tree  for  HIV  and  SIV  retroviruses.  Studies  on 
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the  function  of  accessory  genes  were  undertaken  in  order  to  try  to  understand  the  pathogenesis  of 
the  virus.  With  increased  knowledge  of  the  molecular  structure  and  biological  functions  of  the 
HIVs,  a  need  arose  to  develop  an  animal  model  system  for  studying  the  divergence  and 
pathogenesis  of  the  virus  in  vivo.  A  molecularly  cloned  HIV-2  virus  stock  was  generated, 
characterized,  and  used  to  infect  Rhesus  macaques  in  an  attempt  to  generate  a  suitable  animal  model 
for  studying  the  infectivity  and  mutational  rate  of  human  immunodeficiency  viruses.  Such  an 
animal  model  study  may  also  shed  some  light  as  to  the  functional  roles  of  the  accessory  genes  in 
vivo.  A  well  characterized  animal  model  system  can  be  exploited  to  study  the  prevention  of 
infection  and  the  modulation  of  disease  progression  during  drug  therapy  or  the  application  of  a 
vaccine.  Such  studies  are  needed  in  order  to  combat  the  spread  of  AIDS. 

2.  Experimental  Methods 

Virus  Propagation 

SIVmaC,  HIV-2sbL6669>  HIV-2isy>  and  HIV-2nih-Z  were  grown  in  the  human  T  cell  line 
Hut-78.  Viral  production  was  determined  by  the  level  of  reverse  transcriptase  (RT)  activity  in 
infected  cells. 

Infection  of  Target  Cell  Lines 

Concentrated  virus  was  obtained  from  the  transfected  cell  line  Hut-78  constitutively 
producing  the  HIV-2isy  virus  or  other  HIV-2  and  SIV  viruses.  The  equivalent  of  1000  TCID50 
(tissue  culture  50%  infective  dose)  infecting  virus  was  used  to  infect  the  cell  lines  H9,  Molt-3, 
U937,  Hut-78,  CEM,  MT-2,  and  the  T-cell  clone  55.  Cells  (5  x  106)  from  each  culture  were 
treated  with  Polybrene  (Sigma)  at  5  (ig/ml  for  1  hour.  The  cells  were  washed  with  IX  PBS  and 
incubated  for  1  hour  with  the  virus.  At  the  end  of  the  incubation  period,  the  cells  were  washed 
with  IX  PBS  and  resuspended  in  RPMI  medium-10%  Fetal  Calf  Serum  (FCS). 
Immunofluorescence  and  RT  activity'  were  measured  every  3  days.  Cell  viability  was  calculated  by 
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dividing  the  number  of  cells  not  incorporating  trypan  blue  color  by  the  total  number  of  cells.  The 
number  of  syncytia  was  counted  under  a  light  microscope. 

Molecular  Cloning  of  Proviral  DNA 

High  molecular  weight  DNA  was  purified  from  Hut-78  cells  infected  with  HIV-2nih-z>  HTV- 
2sbL6669>  and  HIV-2isy-  Similarly,  genomic  DNA  was  purified  from  CEM»SS  cells  infected  with 
HIV-2isy  vims  obtained  1  and  5  months  post-infection  in  Rhesus  macaques.  DNAs  were  partially 
cleaved  with  BamHI  or  Sau3A.  Each  DNA  was  size  selected  by  fractionation  on  a  linear  10-40% 
sucrose  gradient  and  concentrated  by  ethanol  precipitation.  The  DNA  was  ligated  into  the  arms  of 
EMBL-3  vector  cleaved  with  BamHI  (85).  The  ligated  phage  DNA  was  packaged  in  vitro  for 
production  of  a  lambda  library.  Recombinant  phages  were  plated  and  screened  using  32P-labeled 
SIV  or  HIV-2  DNA  probes.  The  HIV-2nih-Z  and  HIV-2isy  clones  were  isolated  from  their 
respective  library  using  the  SIV  gag  (pB16)  and  £irv  (pSS35)  probes  (86). 

The  proviral  clones  for  SIV  were  isolated  from  a  genomic  library  constructed  from  the  DNA 
obtained  from  SIV  infected  cell  line  K6W.  Nine  clones  containing  overlapping  portions  of  the 
SIV  mac  genome  were  purifed  and  characterized  by  restriction  endonuclease  analysis.  Five 
genomic  clones  were  selected  for  further  analyses. 

Desired  regions  of  HTV-2  and  SIV  were  subcloned  into  Stratagene's  Bluescribe  or  Bluescript 
vectors  (KS*),  according  to  standard  procedures  (85).  Phage  DNAs  were  digested  with  BamHI, 
Kpnl,  or  desired  restriction  endonuclease  and  fractionated  by  electrophoresis  through  0.7- 1.0% 
agarose  gels.  Desired  fragments  were  excised  and  purified.  Bluescribe  or  bluescript  KS*  plasmids 
were  digested  with  desired  restriction  enzyme  and  treated  with  bacterial  alkaline  phosphatase 
(Bapped)  for  removal  of  5'  phosphates  in  order  to  prevent  self  ligation  (85).  Equal  molar 
quantities  of  insert  and  vector  DNAs  were  ligated  at  14°C  overnight.  The  ligated  DNA  was  used  to 
transform  AG-1  or  DH5a  cells  by  a  modification  of  the  Hanahan  procedure  (87).  Transformed 
cells  were  selected  on  ampicillin  plates. 
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Southern  Blot  Analysis  of  HIV-2  Infected  Cells 

The  total  cellular  DNAs  from  cell  lines  infected  with  HIV-2sbL6669>  HIV-2nih-Z>  and  SIV 
were  digested  with  BamHI,  Xbal,  and/or  EcoRI  and  electrophoresed  on  a  0.8%  agarose  gel.  As  a 
further  control,  the  DNA  of  the  SIVmac  infected  cells  was  cleaved  with  the  same  restriction 
enzymes.  The  gel  was  denatured,  neutralized,  blotted  onto  nitrocellulose  filters  according  to 
standard  procedures  (85,88).  The  filters  were  hybridized  to  32P-labeled  SIV  probes  (pB16  and/or 
pSS35)  or  ?2P-labeled  BamHI  fragments  of  HIV-2;sy  for  detection  of  SIV  and  HIV-2  sequences. 

DNA  Sequencing 

DNA  restriction  fragments  of  the  provirus  were  removed  f  om  the  genomic  phage  clones  and 
were  subcloned  into  the  appropriate  enzyme  sites  of  the  plasmid  vector  Bluescribe  or  Bluescript. 
Other  subclones  were  generated  by  inserting  DNA  restriction  enzyme  fragments  of  HJV-2nih-z 
and  SIVmac  into  Ml 3  bacteriophages,  mp8  and  mp9.  The  DNA  sequence  was  obtained  by  the 
dideoxy  chain  termination  procedure  using  synthetic  primers,  the  Klenow  fragment  of  E.  coli 
polymerase  and  the  T7  DNA  polymerase  on  single  and  double  stranded  DNAs  (89).  Sanger 
sequencing  reactions  were  performed  on  Terasaki  microsample  plates.  32P-labeled  dATP  was 
used  in  the  Sanger  reactions.  Approximately,  3  KB  of  the  HIV-2nih-z  proviral  DNA  and  90%  of 
HIV-2jsy  were  sequenced  by  the  chemical  degradation  method  of  Maxam  and  Gilbert  (90).  DNAs 
from  all  sequencing  reactions  were  size  fractionated  on  8%  polyacrylamide  gels  at  1800  volts/30 
watts  for  2  1/2  and  6  1/2  hours.  For  sequence  readings  over  350  bases,  90  cm  6%  polyacrylamide 
gels  were  run  at  2800  volts  for  28-45  hours.  The  nucleotide  sequences  of  each  viral  clone  were 
analyzed  by  use  of  computer  program  Microgene  and  IBI's  Pustell  Sequence  Analysis  Programs. 

DNA  Synthesis 

All  primers  were  synthesized  on  an  Applied  Biosystems  Model  381 A  machine  using  B- 
cvanoethyl  phosphoramidite  chemistry.  Primers  were  purified  by  Nensorb  chromatography 
(NEN). 
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Transfection  in  Neoplastic  T  Cells 

Ten  million  Hut-78  cells  were  used  for  each  transfection.  Forty  million  cells  were 
resuspended  in  40  ml  of  RPMI  1640  medium  with  10%  fetal  calf  serum  (FCS)(GIBCO),  and 
incubated  at  37°C  for  5  hours.  After  incubation,  the  cells  were  washed  with  RPMI  1640  medium 
without  FCS  and  aliquoted  (10  million  cells)  into  four  tubes.  The  cells  were  resuspended  in  4  ml 
of  RPMI  1640  medium  without  FCS  containing  50  mM  Tris-HCl  (pH  7.4)  plus  10  pg  of  DNA. 
Subsequently,  1  ml  of  5X  DEAE  dextran  solution  (25  mg/ml)  in  RPMI  1640  medium  without  FCS 
in  1  M  Tris*HCl  (pH  7.4)  was  added  to  each  tube.  The  samples  were  incubated  at  37°C  for  one 
hour  with  gentle  shaking.  After  incubation,  the  cells  were  pelleted  at  1500  rpm  and  washed  twice 
at  room  temperature  wtith  complete  medium  (RPMI  1640  medium  with  10%  FCS).  The  following 
day,  10  ml  of  fresh  medium  was  added.  Viral  production  was  monitored  by  testing  for 
magnesium-dependent  reverse  transcriptase  (RT)  one  week  post-trasfection.  For  the  RT  assay,  the 
proteins  contained  in  the  supernatant  were  precipitated  with  30%  PEG/0.4  M  NaCl  and  the  pellets 
were  resuspended  in  VSB  (91).  Reverse  transcriptase  activity  was  determined  by  precipitable 
counts  of  incorporated  3H-thymidine. 

Radioimmunoprecipitation 

Hut-78  cells  infected  with  HIV-2  or  SIVmac  were  incubated  in  methionine  and  cysteine  free 
medium  supplemented  with  [35S]-methionine  and  [35S]  cysteine  (100  uCi/ml)  for  four  hours  and 
pelleted.  In  order  to  obtain  the  virus  and  clarify  the  medium,  the  supernatant  was  centrifuged  at 
26,000  rpm  for  1  hour  which  resulted  in  the  pelleting  of  the  virus.  The  labeled  viral  lysate  was 
precleared  overnight  by  incubation  with  normal  human  sera  and  Sepharose  bound  protein  A. 
Labeled  proteins  from  the  medium  were  reacted  with  HIV-2  infected  or  SIV  infected  sera,  diluted 
1:100.  The  immunocomplexes  were  detected  using  sepharose  staphylococcal  protein- A  and 
fractionated  by  electrophoresis  on  a  10%  SDS-polyacrylamide  gel.  The  gel  was  treated  with 
enhancer  for  30  minutes,  dried,  and  autoradiographed  (92). 
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Immunofluorescence 

The  expression  of  surface  membrane  CD4  and  CD8  antigens  were  determined  by  direct 
immunofluorescence  assay  on  live  cells  using  phycoerythain-conjugated  Leu  3A  (anti-CD4)  and 
fluorescein-isothiocyanate-conjugated  Leu  2a  (anti-CD8)  monoclonal  antibodies. 

Immunofluorescent  staining  of  infected  cells  was  performed  with  serum  from  individuals 
infected  with  HIV-2.  The  cells  were  pelleted,  fixed  with  50%  methanol/50%  acetone  for  10 
minutes,  and  incubated  with  15  (il  of  human  serum  diluted  1:40  with  phosphate-buffered  saline 
(PBS)  for  30  minutes  at  room  temperature.  The  slides  were  washed  with  PBS  and  incubated  with 
fluorescein  conjugated  anti-human  antibodies  in  the  dark  for  30  minutes.  After  washing  in  IX 
PBS  three  times,  positive  cells  were  scored  under  a  Leitz  fluorescent  microscope  (92).  Electron 
microscopy  on  the  infected  cells  was  performed  as  described  by  Biberfeld  al-  (93). 

Inoculation  of  Monkeys  with  HIV-2 

Four  1-year  old  Rhesus  macaques  (#172,  173,  176,  177)  and  two  3-year  old  African  green 
monkeys  (C464,  C497)  were  inoculated  intravenously  with  approximately  104  TCID50  of  HIV - 
2isy  (#176,  177,  C464)  and  HIV-2nih-z  (#172,  173,  C497).  Two  additional  Rhesus  macaque 
and  one  African  green  monkey  (#178,  179,  C498)  were  inoculated  with  saline  as  negative 
controls.  All  animals  were  housed  in  individual  cages  in  the  same  room.  All  animal  experiments 
were  performed  by  Dr.  Philip  Markham  at  Advanced  Bioscience  Laboratory,  Inc.,  Kensington, 
Maryland  and  Dr.  Genoveffa  Franchini  of  the  National  Cancer  Institute. 

Western  Blot  Analysis 

Cells  from  infected  cultures  were  pelleted.  Virus  was  pelleted  from  the  supernatant  by 
centrifugation  at  20,000  rpm  for  1  hour.  The  viral  pellet  was  resuspended  in  IX  RIPA  buffer  for 
disruption  (5mM  phenyl  methyl  sulfonyl  fluoride,  5  mM  NaCl,  25  mM  Tris  HC1,  pH  7.5,  0.5% 
SDS,  5%  Triton  X-100,  5%  deoxycholic  acid).  The  disrupted  proteins  were  loaded  onto  a  10% 
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SDS-polyacrylamide  gel  for  size  fractionation  by  electrophoresis  and  transferred  to  nitrocellulose 
(94).  The  filters  were  reacted  with  5%  dry  milk  in  IX  PBS  for  1  hour  for  blocking.  Strips  were 
individually  reacted  with  sera  obtained  from  animals  at  1:100  dilution.  Iodinated  Staphylococcus 
aureus  protein  A  was  used  to  detect  immunocomplexes  in  some  experiments. 

ELISA 

Total  virions  from  HIV-2nih-Z  were  purified  on  a  sucrose  gradient  (95)  according  to 
standard  procedures.  Virions  were  lysed  and  bound  to  96  well  microtiter  plates.  The  plates  were 
reacted  with  various  dilutions  of  monkey  sera  and  the  immunocomplexes  were  detected  using  goat 
anti-human  antibodies  conjugated  to  horseradish  peroxidase  (91). 

Peptides  PT-1  and  PT-2  and  Rabbit  Antisera 

The  peptides  used  in  this  study  were  obtained  from  Cambridge  Biochemical  Corporation  and 
were  synthesized  using  solid-phase  peptide  synthesis  technology.  Rabbit  antisera  were  obtained 
from  rabbits  immunized  four  times  with  peptide  PT-1  coupled  to  keyhole  limpet  hemocyanin 
(KLH). 

Immunoblot  Assay 

For  detection  of  antipeptide  immune  reactivity,  human  and  monkey  sera  w-ere  diluted  1/100 
and  used  against  1  (ig  of  each  peptide  spotted  onto  nitrocellulose  filters.  Bound  antibodies  were 
detected  using  125I-labeled  Staphylococcus  aureus  protein  A  at  5  x  10-  cpm/ml  5%  dry  milk.  For 
Western  blot  assay,  1  x  107  cells  infected  with  HIV-1,  HIV-2  or  STVmaC  or  virions  were  lysed  in 
500  pi  of  radioimmunoprecipitation  assay  (RIPA)  buffer  (95)  and  50  jil  were  run  on  an  SDS- 
PAGE  gel  (12.5%)(96).  After  electrophoretic  transfer  (60  V  overnight)  to  nitrocellulose  filters,  the 
samples  were  reacted  with  the  rabbit  anti-PT-1  sera  (1/50  diluted)  and  stained  with  125I- 
Staphylococcus  aureus  protein  A.  The  molecular  weights  of  reactive  bands  were  calculated  relative 
to  the  migration  of  the  Amersham  "rainbow'"  markers. 
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3.  Results 

a)  GENETIC  ANALYSIS  OF  SIV  AND  HIV-2  GENOMES 

The  immortalized  human  T-cell  line,  Hut-78  was  infected  with  HIV-2  viruses,  SBL6669 
(ISY)  and  NIH-Z  and  SIVmaC  virus  (K6W78).  Genomic  DNAs  were  purified  from  virally 
infected  cell  lines  and  used  in  the  construction  of  recombinant  lambda  phage  libraries.  Positive 
clones  were  selected  using  SIV  or  HIV-2  probes.  The  HIV-2nih-z  virus  isolate  was  obtained  by 
Dr.  D.  Zagury  from  a  patient  with  immunodeficiency  from  Guinea  Bissau  and  was  delivered  to  J. 
Zagury  at  the  NCI.  The  SBL6669  (ISY)  isolate  was  obtained  from  a  Gambian  individual  with 
AIDS  (97).  The  SIV  strain  K6W78  was  obtained  from  Dr.  Phyllis  Kanki  and  was  received  by  Dr. 
Genoveffa  Franchini  of  the  NCI.  The  genomes  of  HIV-2\ih-Z>  HIV-2isy  and  SIVmaC  (K6W78) 
are  9431,  9636,  and  9870  base  pairs  long,  respectively.  The  endonuclease  restriction  maps  of  the 
SIVmac,  HIV-2isy.  and  HIV-2nih-Z  genomes  were  derived  from  the  lambda  phage  clones  and 
are  depicted  in  Figures  26  &  27.  The  overall  homology  at  the  nucleotide  sequence  level  between 
SIVmaC  and  HIV-1  is  55%.  The  overall  homology  of  the  HIV-2s  to  HIV-1  is  65%,  whereas  they 
share  86-89%  homology  among  themselves.  The  overall  genomic  organization  of  all  three 
retroviruses  is  identical  to  other  HIV-1,  HIV-2,  and  SIV  isolates  (Figure  28).  This  organization 
consists  of  5’  long  terminal  repeat  (LTR)-gag-pol-central  region-env-nef-3'  LTR.  A  single 
structural  difference  lies  in  the  presence  of  an  extra  open  reading  frame  (vpx)  in  the  middle  of  the 
genome  of  HIV-2  and  SIV  (83,84).  This  reading  frame  is  absent  in  the  HIV-1  genome. 
Furthermore,  all  three  genomes  contain  the  vpr  gene  which  is  present  in  HIV-1  but  not  in  SIVagm 
(98).  The  HIV-1  genome  has  an  open  reading  frame,  vpu  which  is  not  present  in  the  HIV-2  and 
SIV  genomes. 

The  Long  Terminal  Repeat  (LTR) 

All  three  genomes  are  flanked  by  LTR  sequences  which  are  known  to  regulate  the  viral  gene 
expression.  Sequence  comparison  of  the  LTR's  for  each  of  the  three  viral  sequences  with 
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HIV-2rod  showed  the  presence  of  all  of  the  regulatory  elements,  such  as  the  TATA  box,  the 
polyadenylation  signal  AATAAA,  core  enhancer  sequences,  Spl-binding  sites,  and  the  ir¬ 
responsive  region.  Such  sequences  are  highly  conserved.  The  sizes  of  the  LTRs  for  each  of  the 
three  retroviruses  vary  from  632  to  800  bases.  The  size  of  the  individual  components  was  derived 
by  a  comparison  of  the  LTRs  of  SIV,  HIV-nih~Z>  and  HIV-2isy  with  the  LTR  of  HTV-2rod 
(Table  15).  A  sequence  alignment  of  the  U3  region  of  the  HIV-2f,nH-Z  showed  a  deletion  of  228 
nucleotides  in  the  HIV-2nih-Z  U3  region.  This  deletion  occurred  60  nucleotides  3'  of  the 
polypurine  tract  (Figure  29).  Since  this  deletion  is  present  in  both  the  5'  and  3'  LTRs,  it  is 
probably  present  in  the  provirus  and  is  not  a  cloning  artifact. 

The  gag  Gene 

Retroviral  core  proteins  are  derived  from  the  proteolytic  cleavage  of  a  polypeptide  precursor 
encoded  by  the  First  open  reading  frame  at  the  5'  end  of  the  genome.  In  infected  cells  the  size  of 
the  gag  precursor  protein  appears  to  be  55  Kd  as  judged  by  immunoprecipitation  with  human  sera 
from  infected  individuals  (74).  The  sag  open  reading  frames  for  HIV-2nih-Z>  SIVmaC-  ar>d  HIV- 
2isy  encode  for  proteins  having  519,  506,  and  521  amino  acids,  respectively.  The  length  of  the 
gag  precursor  polypeptide  reported  for  different  HIV-1  strains  varies  between  500  and  512  amino 
acids.  The  amino  acid  homologies  of  HIV-2nih-z  £ag  precursor  polypeptides  when  compared 
with  H1V-2rod>  SIVmac,  and  HIV-1  are  92%,  82%,  and  52%,  respectively  (Table  16).  Such 
homology  indicates  that  the  HIV-2s  are  more  closely  related  to  each  other  than  to  SIVmaC- 
Furthermore,  SIVmaC  and  HIV-2  are  more  closely  related  to  each  other  than  to  HIV-1.  The 
cleavage  site  for  the  major  core  protein  (p24-p28)  in  the  HIV-2nih-z  and  HTV-2isy  gag  precursors 
were  assigned  by  alignment  of  the  amino  acid  sequences  of  the  sequences  of  the  gag  precursor 
polypeptides  of  HIV-2rod-  HIV-1,  and  SIV^c  (Figure  30). 

These  alignments  were  performed  using  the  algorithm  of  Davhoff  and  colleagues.  These 
sequences  were  aligned  with  those  of  the  major  gag  proteins  of  Visna  and  EIAV  in  order  to 
establish  their  respective  phylogenetic  relationship  (Figure  31).  The  results  expressed  as 
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percentage  of  amino  acid  sequence  are  summarized  in  Table  17.  The  analysis  of  the  p24-26 
proteins  indicates  that  HIV-2mh-Z  and  HIV-2rod  are  highly  related  (96%)  and  are  equally  distant 
from  SIVmac  (88%).  Both  HIV-2  and  SIVmac  appear  to  be  equally  distant  from  HIV-1  (66- 
68%).  Equal  homology  (28-29%)  is  found  between  EIAV  and  HIV-1,  both  HIV-2  isolates,  and 
SIVmaC-  Similarly,  Visna  virus  shares  only  24-26%  homology  with  HIV-1,  HIV-2  and 
SIVmac-  Thus,  the  comparison  suggests  an  ancestral  relationship  between  the  ungulate 
retroviruses  and  the  primate  immunodeficiency  viruses,  but  also  indicates  that  the  divergence  of  the 
primate  immunodeficiency  viruses  occurred  much  later  while  HIV-2  and  SIVmac  diverged  later 
still. 

At  the  carboxy  terminus  of  the  HIV-Ihib  gag  precursor  two  repeated  sequences  have  been 
described.  The  first,  an  imperfect  repeat  encoding  12  amino  acids,  is  also  present  in  the  SIVmac 
genome  (Figure  32),  as  well  as  in  the  HIV-2rod  genome  at  positions  1605-1641  and  1667-1703, 
suggesting  that  this  sequence  duplication  must  have  occurred  long  ago  in  a  common  ancestor  of 
these  three  viruses.  The  second,  present  in  HIV-Ihib*  Is  a  perfect  repeat  that  also  encodes  12 
amino  acids  (99),  and  is  absent  in  the  SIVmac  genome.  The  fact  that  this  repeat  in  HTV-lniB  is 
perfect  and  that  some  other  HIV-1  isolates  as  well  as  SIVmac  lack  if  strongly  suggests  that  the 
duplication  in  the  HIV-Ihib  genome  must  have  occurred  relatively  recently.  Interestingly,  an 
imperfect  direct  repeat  of  18  amino  acids  can  be  detected  in  the  HTV-2rod  genome,  indicating  that 
the  border  between  the  gag  and  the  pol  open  reading  frame  may  be  particularly  prone  to 
duplications. 

The  pol  Gene 

The  second  large  open  reading  frame  found  in  these  retroviral  strains  encode  for  RNA 
polymerase  (pol).  The  SIVmac  genome  has  an  open  reading  frame  which  encodes  for  1053 
amino  acids  whereas  that  of  HIV-2mih-Z  and  HIV-2isy  encodes  for  1 190  amino  acids  (Figures  29, 
32  and  33).  The  ££i  gene  overlaps  with  the  .gag  precursor  open  reading  frame  as  in  HIV-1.  The 
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overall  amino  acid  sequence  relationships  among  the  genes  of  both  IIIV-2  isolates,  HIV-1  and 
SIV  are  like  those  of  the  ggg  genes  and  lead  to  the  same  conclusions. 


The  Envelope  (env)  Gene 

The  third  major  open  reading  frame  in  the  HIV  and  SIV  retroviruses  encodes  for  the  envelope 
protein.  This  is  the  largest  open  reading  frame  in  the  3’  region  of  the  genome.  The  env  genes  of 
HIV-2nih-Z>  HIV-2isy,  and  SIVmaC  encodes  for  856,  837,  and  881  amino  acids,  respectively. 
A  comparative  analysis  of  the  envelope  protein  of  HIV-2nih-Z  with  HIV-2rod  and  SIVmac 
showed  an  overall  homology  of  80%  and  70%  respectively.  The  envelope  protein  of  HIV-2isy 
also  exhibited  an  80%  homology  with  HIV-2rod  (Table  18).  The  degree  of  conservation  is 
comparable  in  the  extracellular  and  transmembrane  envelope  proteins.  The  envelope  proteins  of 
HIV-2[\tih-Z  and  HIV-1  are  much  less  related  (35%),  as  shown  in  Table  16.  A  homology 
comparison  between  HIV-1  and  HIV-2  was  undertaken  in  order  to  identify  conserved  regions 
which  may  be  crucial  foT  the  function  of  the  envelope  protein.  The  position  of  the  cysteines  is 
highly  conserved  among  all  these  retroviruses.  In  the  extracellular  envelope  protein  22  cysteine 
residues  are  conserved  among  both  HIV-2  isolates  and  SIVmac  and  19  and  22  are  also  conserved 
in  the  same  position  in  all  strains  reported  of  HIV-1  (Figure  34). 

Similarly  in  the  transmembrane  portion  of  the  envelope  protein  three  cysteines  are  conserved 
among  both  strains  of  HIV-2  and  SIVmac  and  two  are  also  conserved  in  the  HTLV-HIB  strain  of 
HIV-1.  Clearly,  disulfide  bonds  must  play  a  crucial  role  in  maintaining  the  secondary  structure  of 
the  envelope  proteins. 

Further  analyses  of  the  amino  acid  homology  among  the  envelope  proteins,  identified  regions 
in  which  either  complete  amino  acid  identity  or  only  conservative  changes  could  be  detected  in  all 
these  viruses.  Of  these  envelope  conserved  regions  (ECRj  indicated  in  Figure  34,  the  ECR-6 
which  is  located  in  the  extracellular  glycoprotein  has  been  identified  as  a  putative  binding  site  to  the 
CD4  molecule  which  is  an  essential  part  of  the  cellular  receptor  for  HIV-1,  SIVmac  (100-102)  and 
most  likely  HIV-2.  A  peptide  (PT-1 )  capable  of  inducing  cell  mediated  immunity  in  mice  has  been 


synthesized  using  the  sequence  of  the  ECR-6  region  from  HIV-1  (103).  Regions  ECR-7  and 
ECR-8  which  are  located  at  the  amino  terminus  of  the  transmembrane  envelope  protein  may 
represent  regions  involved  in  the  repetitive  folding  of  the  protein  within  the  cellular  membrane,  as 
proposed  by  computer  assisted  analyses  of  the  envelope  proteins  of  different  strains  of  HIV-1 
(104).  Based  on  the  homology  of  the  ECR-7  region  with  the  fusion  peptide  of  human 
paramyxoviruses,  measles,  and  respiratory  syncytial  viruses  (105),  it  has  been  hypothesized  that 
the  first  11  amino  acids  conserved  in  ECR-7  may  be  the  fusion  peptide  of  HIV-2,  HIV-1  and 
SIVmaC-  Finally,  the  3'  most  conserved  region  in  the  transmembrane  envelope  protein  (ECR-12) 
has  been  implicated  to  be  involved  in  the  cytopathic  effect  in  vitro  even  though  others  (Sodroski  £i 
ai.,  1986)  have  reported  contrary'  results  (106).  Despite  these  differences,  which  may  be  related  to 
the  use  of  different  target  cells,  the  conservation  of  these  17  amino  acids  in  HIV-1,  HIV-2  and 
SIVmac  ma>'  be  biologically  significant. 

Since  SIVmac.  like  HIV-1  and  HIV-2rod,  binds  to  the  CD4  protein,  it  is  possible  that  the 
CD4  protein  may  bind  to  highly  conserved  regions.  The  region  containing  the  last  cysteine  in 
HIV-1  gpl20  is  critical  for  binding  to  the  CD4  molecule.  This  region  spans  from  amino  acid  442 
to  463  in  the  SIVmac  envelope  and  has  an  amino  acid  sequence  almost  identical  to  that  in  HIV-1 
and  HIV-2.  Another  important  antigenic  site  has  been  mapped  in  this  highly  conserved  region. 
Cease  gud.  (103)  have  identified  two  peptides,  T1  and  T2,  which  elicit  T-cell  immunity.  The  16 
amino  acids  T1  peptide  maps  within  the  putative  envelope  region  binding  site  of  the  CD4  molecule. 

In  HIV-2nih-z  infected  cells,  a  protein  of  33  Kd  (compared  to  41  Kd  in  HIV-1  infected  cells) 
believed  to  be  the  transmembrane  envelope  protein,  has  been  identified.  Similarly,  a  truncated 
form  of  the  transmembrane  protein  has  been  identified  in  SIVmac  infected  cells.  The  env  gene  of 
SIVmac  contained  a  termination  codon  that  would  eliminate  the  last  146  amino  acids  at  the 
carboxy  terminus  of  the  transmembrane  portion  of  the  envelope  (25,107).  HIV-2nih-z  and  HIV- 
2isy  do  not  have  a  termination  codon  at  the  same  position.  Since  the  HIV-2mh-z  infected  cells 
appear  to  express  a  truncated  gp33,  the  provirus  obtained  in  our  laboratory  is  not  representative  of 
the  majority  of  the  provirus  present.  This  stop  codon  is  present  in  the  same  position  in  some 
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clones  of  HIV-2rod  (30).  A  comparison  of  the  amino  acid  sequence  of  the  transmembrane 
envelope  protein  of  these  viruses,  shows  a  decrease  in  homology  after  the  stop  codon  (Figure  35). 
The  presence  of  a  premature  stop  codon  is  due  to  the  propagation  of  the  virus  in  tissue  culture  (31) 
and  is  of  no  biological  significance.  A  clone  which  does  not  contain  this  premature  stop  codon  will 
be  used  for  infectivity  studies. 

The  same  regions  that  have  been  found  to  vary  most  in  HIV-1  (108)  are  generally  the  most 
variable  in  both  HIV-2  isolates  and  SIVmac  (Figure  31).  The  first  region  of  variability  among  the 
envelope  proteins  of  HIV-2nih-Z.  H1V-2rod  and  SIVmac  spans  from  amino  acid  1 12  to  190  in 
HIV-2nih-z  and  corresponds  to  the  hypervariable  region  from  aa  130  to  aa  210  in  HIV-1 
(108,109).  The  degree  of  variability  in  this  region  of  the  West  African  retroviruses,  SIVmac.  and 
HIV-1  isolates  were  analyzed.  The  percentage  of  amino  acid  identity  ranged  from  30-60%.  This 
equivalence  suggests  that  both  groups  of  viruses  may  have  spread  to  their  present  ranges  from  a 
limited  focus  of  infection  at  approximately  the  same  time. 

Identification  of  Putative  Functional  Domains  of  Other  Viral  Proteins 

Several  other  genes  have  been  identified  in  the  HIV-1  genome  by  immunological 
(81,82,110,111)  or  functional  studies  (20,22,81,106).  The  corresponding  genes  can  be  identified 
in  the  HIV-2  and  SIV  genome  and  the  comparative  analyses  of  their  amino  acid  sequence  indicate 
strongly  conserved  domains  within  some  of  them  (Figure  28). 

The  HIV-2  r^v  gene,  which  was  discovered  in  HTV-1  by  mutagenesis  of  a  biologically  active 
HIV-1  clone  (22,81),  seems  to  be  crucial  for  the  expression  of  the  HIV-1  envelope  protein. 
Protein  sequence  alignments  of  the  HIV-2  and  HIV-1  rgv,  gene  products  show  an  arginine  rich 
region  in  the  second  coding  exon  that  is  conserved  among  HIV-1,  HIV-2  and  SIVmac  (Figure 
36).  Similarly,  arginine  and  cysteine  rich  regions  (Figure  36)  can  be  identified  in  the  first  coding 
exon  of  the  iai  proteins,  which  are  responsible  for  the  transactivation  of  virus  expression  in  these 
viral  isolates  (70,112).  No  recognizable  conserved  regions  were  detected  within  the  yif  gene 
although  the  yif  proteins  of  these  viruses  share  a  similar  hydropathy  profile  (not  shown).  A  highly 
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conserved  region  could,  however,  be  identified  in  the  npf  gene  although  a  correct  protein  alignment 
of  the  nef  protein  product  can  not  be  obtained  because  of  the  presence  of  the  228  nucleotide 
deletion  in  the  U3  region  of  HIV-2nih-Z  (113). 

Studies  of  the  vpx  Region 

In  continuing  our  analysis  of  the  comparison  of  the  HIV-1  and  HIV-2  genomes,  we  have 
focused  attention  on  a  portion  of  the  HTV-2  genome  containing  an  open  reading  frame  (designated 
vpx)  which  does  not  have  a  counterpart  in  HTV-1.  To  establish  whether  vpx  is  a  gene,  we  studied 
its  expression  in  HIV-2  infected  individuals  and  in  infected  cells  in  vitro.  An  HIV-2  proviral  DNA 
fragment  containing  the  vpx  was  expressed  in  E.  coli  and  the  recombinant  protein  was  used  in  an 
immunoblot  assay.  The  vpx  protein  was  recognized  specifically  by  the  sera  of  HIV-2  infected 
people  but  not  by  the  sera  of  SIV  infected  monkeys  or  HTV-1  infected  humans.  A  rabbit  antiserum 
raised  against  the  recombinant  vpx  protein  recognized  a  16  Kd  protein  in  HIV-2  infected  cells 
(Figure  37). 

Molecular  analysis  of  the  native  vpx  protein  revealed  that  the  protein  was  not  glycosylated  or 
phosphorylated.  The  protein  was  localized  predominantly  in  the  cytoplasm  of  HIV-2  infected 
cells.  This  HIV-2  pl6  appears  to  be  associated  with  the  mature  virion,  but  we  do  not  know  at 
present  whether  the  protein  is  packaged  inside  the  viral  particles  or  if  it  is  associated  with  the 
envelope  of  the  virus  during  the  budding  process. 

In  summary,  we  identified  a  novel  gene  product  of  HIV-2  (pi 6)  and  generated  reagents  that 
may  be  used  as  diagnostic  reagents  as  well  as  help  elucidate  the  function  of  the  pi 6  in  HIV-2 
infection  and  pathogenisis.  The  fact  that  the  sera  of  HIV-1  infected  people  do  not  recognize  the 
recombinant  vpx  protein  in  a  Western  blot  assay  could  be  exploited  to  generate  a  sensitive  assay  to 
discriminate  between  people  infected  with  HIV-1  or  HIV-2. 
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In  Vivo  Expression  of  the  SIVmac  Carboxv  Terminus  of  env 

Since  the  carboxv  terminus  of  the  envelope  transmembrane  protein  has  been  implicated  in  the 
cytopathic  effect  of  HIV-1  in  vitro,  we  decided  to  investigate  whether  putative  expression  of  the 
open  reading  frame  located  after  the  termination  codon  correlates  with  the  pathogenicity  of  SIV  in 
vivo.  Two  synthetic  peptides  were  generated  from  the  inferred  amino  acid  sequence  of  SIV  and 
tested  for  reactivity  by  Western  blot  against  the  sera  of  naturally  and  experimentally  infected 
monkeys  as  well  as  against  sera  of  HIV-2  infected  individuals.  Results  indicate  that  the  protein 
synthesized  from  this  open  reading  frame  is  expressed  in  vivo,  since  an  immune  response  can  be 
detected  against  the  synthetic  peptides  in  2  out  of  3  experimentally  infected  animals.  However,  no 
correlation  can  be  found  between  its  expression  and  disease  progression  at  this  time.  Furthermore, 
a  rabbit  immune  serum  raised  against  the  synthetic  peptide  failed  to  identify  any  specific  protein  in 
SIV  infected  cells. 

Based  upon  the  hydropathy  profile  of  the  inferred  amino  acid  sequence  downstream  from  the 
termination  codon  (position  746-890),  two  hydrophilic  regions  were  chosen  for  generating 
synthetic  peptides  (Figure  38).  The  first  peptide,  THTQQDPALPTREGKEGDG,  is  located  at  the 
amino  terminus  and  was  designated  PT-1  while  the  second,  LRRIREVLRTELTY,  was  designated 
PT-2  (Figure  38).  The  peptides  were  synthesized  using  solid  phase  peptide  synthesis  technology 
by  Cambridge  Biochemical  Corporation.  The  synthetic  peptides  (1  ug  each)  were  bound  to 
nitrocellulose  and  reacted  in  a  Western  blot  assay  with  sera  obtained  from  various  animals.  An 
unrelated  peptide  of  equivalent  molecular  weight  was  used  as  a  negative  control 
(WSKMDQLAKELTAE).  Sera  were  reacted  with  nitrocellulose  strips  in  a  1:100  dilution  and  the 
immune  complexes  were  detected  using  iodinated  Staphylococcus  Aureus  protein- A  of  5  x  10^ 
cpm/ml  in  blotto  reagent  (94).  Sera  obtained  from  animals  (Table  19)  which  scored  positive  when 
tested  by  Western  blot  using  SIV  viral  proteins  were  tested  along  with  animals  that  scored  negative 
in  the  Western  blot  assay. 

Both  synthetic  peptides  were  recognized  by  serial  sera  obtained  from  a  macaque  (6325)  2 
months  after  experimental  infection  with  SIV.  As  shown  in  the  lower  part  of  Figure  39,  no 
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reactivity  was  detected  in  the  sera  obtained  before  the  inoculation  of  the  animal  and  1  month  after 
inoculation.  Reactivity  against  PT-1  and  PT-2  was  detected  two  months  after  inoculation  and 
lasted  to  the  death  of  the  animal  from  immunodeficiency  17  months  later.  Animal  6324  recognized 
only  one  of  the  peptides  (PT-1)  (lower  part  of  Figure  39).  The  immune  response  against  PT-1  also 
lasted  till  death  from  immunodeficiency  18  months  later.  In  both  macaques  the  reactivity  against 
the  synthetic  peptides  was  coincident  with  the  onset  of  antibodies  against  the  major  gag  protein 
(p24-26)  and  the  putative  truncated  transmembrane  portion  of  the  envelope  protein  (gp32-34) 
(upper  part  of  Figure  39).  Animal  6325  also  developed  detectable  antibody  response  against  the 
extracellular  portion  of  the  envelope  protein  (gpl20).  In  contrast,  animal  6324  exhibited  a  lower 
titered  immune  response  against  the  gpl20.  The  third  macaque  (6323)  sero-converted  one  month 
after  SIV  inoculation  and  developed  a  strong  immune  response  to  both  the  envelope  glycoproteins 
and  the  gag  proteins,  but  its  serial  serum  samples  did  not  recognize  the  peptides  PT-1  and  PT-2. 
However,  the  6323  animal  developed  ADDS  and  died  after  18  months.  Three  baboons,  inoculated 
with  SIV,  developed  an  immune  response  against  viral  proteins  including  the  gp32-34  as  measured 
by  Western  blot  analysis  while  their  sera  did  not  react  with  PT-1  and  PT-2  peptides  (data  not 
shown).  The  infected  baboons  did  not  show  laboratory  or  clinical  signs  of  immunosuppression. 

All  17  sera  tested  from  African  green  monkeys  were  positive  in  Western  blot  against  SIV 
proteins  but  did  not  react  with  the  synthetic  peptides  (Table  19).  Similarly,  Western  blot  SIV 
seropositive  and  seronegative  samples  from  antibodies  of  three  talapoin  monkeys  and  5  HIV-2 
positive  human  sera  did  not  react  with  the  synthetic  peptides  (Table  19).  The  lack  of  detection  of 
antibodies  in  these  species  suggests  that  the  amino  acid  sequences  may  be  poorly  conserved  in  the 
cross  immunoreactive  viruses  infecting  animals  and  humans  tested.  This  hypothesis  is  supported 
by  the  finding  of  a  lower  degree  of  amino  acid  identity  found  in  the  human  HIV-2  isolates 
HIV-2r0D’  HIV-2Nih-z  and  HIV-2isy  (29,30,1 14)  in  the  region  corresponding  to  the  PT-1  and 
PT-2  peptides  of  SIV  (Figure  40).  The  termination  codon  in  the  SIV  envelope  is  located 
immediately  after  the  acceptor  splice  site  of  the  transactivator  gene  of  SIV  (28).  It  is,  therefore, 
possible  that  messenger  RNA  independent  from  the  gnv  transmembrane  mRNA  could  be  generated 
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through  a  splicing  mechanism  that  uses  this  splice  site.  To  investigate  whether  a  specific  protein 
encoded  by  this  region  could  be  detected,  a  rabbit  antiserum  against  the  synthetic  peptide  PT-1  was 
generated.  The  reactivity  of  the  anti-PTl  serum  was  tested  against  the  metabolically  labelled 
proteins  of  SIV  and  HIV-2mh-Z  infected  cell  lines  in  radioimmuroprecipitation  (RIP)  assay  and  in 
Western  blot  of  unlabeled  proteins  from  the  same  cell  lines.  While  the  sera  frqm  SIV  infected 
monkeys  did  recognize  specific  viral  proteins  in  the  RIP  assay  of  metabolically  labeled  protein 
of  the  SIV  infected  KW1  cell  line,  the  anti-PTl  serum  failed  to  immunoprecipitate  specific 
protein(s)  (Figure  41,  first  panel).  Similar  data  were  obtained  when  the  RIP  assay  was  performed 
on  HIV-1  and  HIV-2  infected  cells.  The  anti-PTl  serum  also  failed  to  detect  specific  protein  in  a 
Western  blot  on  cellular  lysate  of  SIV  and  HIV-2  infected  cells  (data  not  shown). 

b)  BIOLOGICAL  ACTIVITY  OF  RECOMBTN ANT  HrV-2lSY 

The  recombinant  phage  clone,  HIV-2i$y  was  transfected  into  the  human  neoplastic  cell  line 
Hut-78.  The  supernatant  of  the  cell  culture  was  found  positive  for  magnesium  dependent  reverse 
transcriptase  one  week  after  transfection.  Viral  expression  was  confirmed  by  immunofluorescent 
straining  of  the  infected  cells  using  HIV-2  positive  serum.  Genomic  DNA  was  isolated  from  the 
infected  cells,  restricted  with  endonucleases,  electophoresed  and  blotted  according  to  standard 
procedures  (85,88).  Southern  blot  analysis  of  the  total  genomic  DNA  isolated  from  the  infected 
cell  line  indicated  the  presence  of  viral  sequences  (bottom  of  Figure  27).  Hybridization  of  Xba  I 
and  Eco  RI  cleaved  DNA’s  to  the  SIV  gag  gene  probe  (B16)  revealed  the  same  internal  bands  for 
the  uncloned  parental  HIV-2sbl6669  and  the  HIV-2isy  proviral  DNA,  indicating  that  HIV-2jsy  is 
representative  of  the  majority  of  the  genotype  present  in  the  parentally  infected  cell  line.  Different 
restriction  enzyme  patterns  were  observed  with  the  genomic  DNA  isolated  from  the  SIV  and  the 
HIV-2mh-Z  infected  cell  lines.  Electron  microscopic  analysis  performed  on  the  HIV-2isy  (HIV- 
2sbl/ISY)  transfected  cells  revealed  the  presence  of  mature  virions  with  the  expected  cylindrical 
shaped  core  typical  of  lentiviruses  (Figure  42)  and  budding  particles  from  the  cell  membrane  (see 
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inset  of  Figure  42),  indicating  that  the  transfection  of  the  HIV-2jsy  DNA  induced  a  productive 
infection  of  the  Hut-78  cell  line. 

Immunological  Characterization  of  the  HIV-2ISY 

Western  blot  analysis  and  radioimmunoprecipitation  were  performed  on  the  viral  particles 
obtained  from  infected  Hut-78  cells  (Figure  43).  The  nitrocellulose  strips  containing  unlabeled 
virion  proteins  were  reacted  with  a  sera  from  an  SIVmac  experimentally  infected  monkey  (Figure 
44.  lane  1),  an  HIV-2  infected  individual  (Figure  44,  lane  2)  and  a  normal  donor  (NS)  as  well  as  a 
mouse  monoclonal  antibody  directed  against  the  HIV-2/SIVmac  major  gag  protein  (p24-26),  and 
control  ascites  fluid  (C).  The  most  reactive  and  apparently  most  abundant  viral  proteins  detected  in 
the  HIV-2isy  and  SIVmac  virions  were  the  gag  p24-26  and  p  1 5  proteins  (see  the  First  two  panels 
of  Figure  43;.  Similar  results  were  obtained  when  radiolabeled  HIV-2isy  virion  proteins  were 
used  in  radioimmunoprecipitation  (see  left  panel  of  Figure  43).  The  envelope  glycoprotein  gpl20 
w'as  barely  detected  by  immunoprecipitation  and  not  at  all  by  Western  blots  (Figure  43).  The  DNA 
sequence  of  the  replication  competent  proviral  clone  lacks  a  termination  codon  in  the 
transmembrane  portion  of  the  envelope  gene  and  should  yield  a  transmembrane  envelope 
glycoprotein  of  around  40  Kd.  A  very  faint  band  located  around  40  Kd  could  be  detected  in  RIP 
or  Western  blot  assays  of  HIV-2jsy  using  positive  human  sera.  However,  a  well  characterized 
specific  antiserum  will  be  needed  to  clearly  define  this  protein  band.  A  smear,  probably 
representing  proteins  with  different  relative  migration  rates  were  detected  around  30  Kd  in 
SIVmac-  This  smear  has  been  interpreted  as  the  truncated  form  of  the  transmembrane  protein  (74) 
although  the  amino  acid  sequence  after  the  termination  codon  is  expressed  in  infected  animals 
(115).  A  smear  could  also  be  detected  in  the  same  region  in  HIV-2isy  using  the  human  serum 
from  a  patient  infected  with  HIV-2. 
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The  Hut-78  cell  line  producing  the  HIV-2isy  was  expanded  and  virus  was  concentrated  from 
10  liters  of  supernatant  as  described  (95).  The  HIV-2nih-Z  isolate  was  used  in  a  parallel 
experiment  to  infect  the  same  cell  lines.  Equal  amounts  of  concentrated  virus  were  then  used  to 
infect  several  human  cell  lines.  Replication  and  propagation  of  the  virus  was  monitored  by  reverse 
transcriptase  assay  of  the  culture  supernatant  and  immunofluorescence  on  fixed  cells.  The 
biological  effect  exerted  by  the  HIV-2  isolates  on  the  infected  cells  was  measured  by  counting  the 
number  of  viable  cells  and  syncytia  at  different  time  intervals.  The  results  on  the  infectivity  of  the 
HIV-2  isolates  are  reported  only  for  the  HIV-2isy  isolate  (Table  20).  HIV-2isy>  as  well  as 
HIV-2nih-Z  infected  the  HTLV-I  transformed  T-cell  line  MT-2,  the  T-cell  clone  55  immortalized 
by  a  single  defective  copy  of  HTLV-I  (116)  and  the  CEM,  Hut-78,  Molt-3,  H9  and  U939 
neoplastic  cell  lines.  The  highest  cytopathic  effect,  exerted  by  both  HIV-2isy  and  HIV-2kjh-Z  was 
observed  in  the  HTLV-I  infected  cells  and  in  the  H9  cells  (Table  20),  and  is  coincident  with  the 
highest  number  of  syncytia  present  in  the  cell  culture  (Figure  18).  The  parental  virus  HIV- 
2sbL6669  also  infected  Hut-78,  U937  clone  16,  CEM,  and  Jurkat  T-cells  (Table  21),  w'ith  the 
highest  cytopathic  effect  observed  on  the  Jurkat  and  U937-16  cell  lines  (Table  21). 

C)  ANIMAL  MODEL  FOR  HIV-2 

We  described  above  the  isolation  of  an  infectious  HIV-2  molecular  clone,  HIV-2isy  (57). 
This  virus  infects  both  human  T  cells  and  macrophages.  HIV-2isy  ceU-free  virions  and  the 
HIV-2nih-z  viral  isolate  (29)  were  used  to  intravenously  inoculate  Rhesus  macaques  and  African 
green  monkeys.  Animal  studies  were  performed  by  Dr.  Genoveffa  Franchini  of  NCI  and  Dr. 
Philip  Markham  of  Advanced  Bioscience  Laboratories,  Inc.,  Kensington,  Maryland. 

The  monkeys  were  bled  monthly  and  sera  were  tested  for  antibody  reactivity  against  HIV-2 
antigens  by  ELISA,  Western  blot  and  radioimmunoprecipitation  assays.  According  to  Western 
Blot  analysis,  seroconversion  occurred  in  animals  #172,  176,  177  within  the  second  and  third 
month.  One  inoculated  Rhesus  macaque  (#173)  failed  to  seroconvert  and  no  antibodies  were 
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found  in  the  inoculated  African  green  monkeys  or  in  the  uninfected  control  animals.  The  sera  of 
animals  that  seroconverted  recognized  the  HIV-2  envelope  glycoproteins  and  the  major  gag 
protein. 

In  order  to  evaluate  whether  the  viral  infection  was  eliciting  a  constant  immune  response,  the 
sera  of  the  infected  animals  obtained  at  different  time  intervals  was  diluted  1:50  to  1:1250  and 
tested  by  ELISA.  The  results  indicated  that  the  antibody  titer  remained  constant  throughout  the 
year  in  animals  #172  and  177;  whereas,  animal  #176  had  a  transient  increase  in  antibody  titer 
between  6-8  months  post-inoculation  (Figure  45).  In  order  to  identify  which  antigens  are 
recognized  by  the  infected  animals,  radioimmunoprecipitation  assays  were  performed  on 
metabolically  labeled  proteins  obtained  from  HIV-2nih-Z  infected  T  cells  using  sera  diluted  1:100 
from  infected  animals.  Antibodies  directed  against  envelope  proteins  (gp  160/1 20)  were  detected. 
The  antibody  titer  increased  over  time.  A  human  serum  which  w-as  used  as  a  positive  control 
immunoprecipitated  the  major  gag  protein  (p24)  while  serum  from  animal  #176  weakly  precipitated 
p24. 

Sera  from  infected  animals  were  tested  for  the  presence  of  neutralizing  antibodies  to 
HIV-2isy  and  HIV-2nih-Z  using  CEM-SS  cells  as  targets  for  cell-free  virus  (67,1 17).  Sera  was 
diluted  1:10  to  1:270  and  incubated  with  the  virus  for  1  hour  at  4“C  prior  to  infection  of  the  target 
cells.  Virus  expression  was  monitored  by  immunofluorescence  assay  for  HIV-2  p24  using  a 
specific  monoclonal  antibody  (provided  by  F.  Veronese).  Only  serum  from  animal  #172  showed 
significant  neutralizing  antibodies  against  the  homologous  virus  (Table  22).  Since  animal  #172 
was  infected  with  HIV-2nth-Z  and  the  serum  failed  to  neutralize  HIV-2isy.  the  neutralizing  ability 
of  serum  obtained  from  #172  is  type  specific.  The  sera  of  both  animals  inoculated  with  HTV-2isy 
did  not  neutralize  either  of  the  two  viruses. 

Immunohematological  analysis  of  the  peripheral  blood  cells  obtained  from  infected  animals 
was  performed  every  other  month  after  infection  over  a  1  year  period  at  which  time  the  assay  was 
performed  monthly.  The  absolute  number  of  CD4+  T  cells  in  the  peripheral  blood  were  monitored 
because  it  is  one  of  the  most  reliable  predictive  tests  of  disease  development  in  humans. 
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Approximately  9  months  after  infection  a  decrease  in  CD4+  T  cells  was  detected  in  the  blood  of 
animals  #176  and  177  (Figure  46).  This  decrease  in  CD4+  T  cells  remained  constant  with  cell 
counts  under  1000  CD4+  T  cells/mm3.  Normal  pre-infection  values  ranged  from  1500  to  2000. 
Although,  animal  #172  showed  fluctuations  in  the  CD4+  T-cell  number,  a  steady  decrease  of  CD4+ 
cells  was  not  observed.  Of  the  uninfected  control  animals,  #178  showed  no  decrease  or  significant 
fluctuation.  Animal  #179,  which  initially  had  a  low  level  of  CD4+  T  cells  (approximately  1000 
cells  per  mm3),  was  kept  as  a  control  and  maintained  a  constant  CD4+  T  cell  level  throughout. 

Virus  was  isolated  monthly  from  the  peripheral  blood  of  the  infected  monkeys.  Uninfected 
Rhesus  macaque  peripheral  blood  mononuclear  cells  or  human  neoplastic  T  cell  lines  were  used  as 
targets  for  virus  isolation.  Virus  was  readily  recovered  during  the  first  5  months  after  infection 
from  animal  #177.  In  order  to  verify  that  the  virus  isolated  from  the  infected  animal  was  the  viruc 
inoculated,  Southern  blot  analysis  was  performed  on  DNA  extracted  from  infected  cultured  cens. 
The  BamHI  digestion  profile  of  the  proviral  DNAs  of  the  original  virus  HIV-2isy  as  well  as  those 
for  the  1  and  5  month  isolates  obtained  from  animal  #177  were  indistinguishable  by  hybridization 
with  the  three  internal  BamHI  fragments  of  HTV-2isy  clone. 

This  experimental  system  provides  a  unique  model  to  study  genetic  variation  since  the  virus 
inoculum  was  obtained  from  a  molecularly  cloned  provirus  which  represents  a  single  genotype.  In 
order  to  determine  the  degree  of  genetic  variation  occurring  in  vivo  in  the  viral  genome,  molecular 
clones  of  the  provirus  after  1  and  5  month  passage  of  the  virus  in  animals  were  constructed.  The 
provirus  was  cloned  within  1  1/2  months  of  cell  culture  in  order  to  minimize  the  time  spent  in 
culture  and  possible  mutations  that  can  occur  with  in  vitro  passage.  We  determined  the  nucleotide 
sequence  of  the  entire  envelope  gene  of  both  proviruses.  Comparison  of  the  DNA  sequences  of 
the  virus  recovered  1  and  5  months  post  infection  (HIV-2isy-1>  HTV-2isy-5,  respectively)  with  that 
of  the  molecularly  cloned  virus  used  in  the  inoculation  indicated  that  few’  changes  in  nucleotide 
sequence  had  occurred  during  infection  in  monkeys  (Figure  47).  In  HIV-2isy-1  a  single  nucleotide 
change  w’as  detected  in  the  third  codon  position  (C->  A)  which  did  not  change  the  encoded  amino 
acid  (proline)  located  in  the  extracellular  portion  of  the  envelope  protein  (gpl20)  at  position  238. 
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Five  nucleotide  changes  were  detected  in  the  HIV-2isy-5  clone.  Three  of  these  changes  did  not 
result  in  a  change  of  the  encoded  amino  acid  at  positions  103,  232,  and  454  (Figure  47).  Two 
changes  resulted  in  a  change  from  a  negatively  charged  amino  acid  (glutamic  acid)  to  a  positively 
charged  amino  acid  (lysine)  at  positions  414  and  745.  The  single  nucleotide  change  detected  in  the 
HIV-2isy-1  env  gene  was  not  present  in  the  HIV-2jsy-5  env  gene. 

4.  Discussion 

Genetic  Analysis  of  SIV  and  HIV-2  Genomes 

The  identification  of  an  increasing  number  of  human  and  simian  retroviruses  in  the  last  seven 
years  makes  it  imperative  to  determine  the  precise  genetic  relationship  of  these  viruses  in  order  to 
elucidate  the  genetic  basis  for  their  pathogenic  effects.  Studies  on  the  replicative  functions  of  HTV- 
1  and  its  role  in  T-cell  killing  have  shown  that  these  human  retroviruses  have  a  more  complicated 
mechanism  of  regulation  than  the  non-primate  retroviruses.  The  discovery  of  a  second  group  of 
viruses  in  both  primates  and  humans  which  are  structurally  and  genetically  related  to  HIV-1  and  are 
also  associated  with  immunodeficiency  calls  for  a  reinterpretation  of  the  natural  history  of  these 
viruses  and  for  a  reevaluation  of  the  hypothesis  that  AIDS  is  a  new  disease.  In  fact,  analyses  of 
the  rate  of  nucleotide  changes  suggests  that  HIV-1  and  HTV-2  might  have  diverged  from  each  other 
as  recently  as  40  years  ago  (G.  Meyers,  Los  Alamos)  while  the  first  documented  cases  of  AIDS  or 
aggressive  form  of  Kaposi  in  young  people  date  as  far  back  as  the  early  1960s  (118). 

The  molecular  characteristics  of  SIV  and  HIV-2  reveal  that  their  genetic  organization  is  very 
similar  to  HIV-1.  SIV  and  HIV-2  are  more  closely  related  to  each  other  than  to  HiV-1. 
Nevertheless,  the  extent  of  similarity  among  these  primate  viruses  indicate  that  they  arose  from  a 
common  ancestor.  The  immune  cross  reactivity  of  SIVmaG  HIV-1  and  HIV-2rod  in  the  major 
core  proteins  reflects  the  high  conservation  of  the  gag  gene  sequence.  Comparison  of  the  gag 
protein  of  SIVmag  HIV-1  and  HIV-2  with  other  members  of  the  lentiviridae  family  demonstrate 
that  the  former  represents  a  group  of  viruses  that  must  have  diverged  from  each  other  more  recently 
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than  they  diverged  from  the  latter  group  and  that  SIV  and  HTV-2  diverged  from  each  other  more 
recently  than  either  diverged  from  HIV-1. 

The  vtf  gene  of  SIVmac  as  well  as  of  HIV-2  appears  to  be  less  conserved  than  all  the  other 
genes.  The  biological  significance  of  this  observation  is  not  clear. 

Conversely,  the  high  degree  of  conservation  of  the  central  region  of  the  ngf  protein  between 
these  three  viruses  suggests  that  this  region  may  be  the  functional  domain  of  the  protein.  The  27 
Kd  HIV-1  n£f  protein  is  a  cytoplasmic  protein  (119)  that  is  not  required  for  viral  replication  in  vitro 
(13).  The  conservation  of  the  amino  acid  sequence  of  the  nef  proteins  would  suggest  its 
importance  in  the  biology  of  these  primate  retroviruses,  perhaps  as  a  negative  regulatory'  element. 

One  point  of  considerable  debate  is  whether  the  West  African  viruses  (HIV-2)  cause  AIDS  in 
people.  Early  reports,  which  identified  a  human  virus  related  to  SIV,  on  the  basis  of  serology, 
suggested  a  lack  of  disease  association  (120)  while  others  reported  the  isolation  of  HIV-2  viruses 
from  a  few  patients  with  immunodeficiency  and  no  signs  of  infection  with  HIV-1  (69).  More 
recently,  an  increasing  number  of  HIV-2  isolates  have  been  obtained  from  patients  with  AIDS  from 
West  Africa  (70,74).  However,  a  retrospective  seroepidemiological  study  on  4,248  people  in 
West  Africa  showed  the  absence  of  any  clinical  signs  in  330  infected  people  (121).  The  changes  in 
the  envelope  proteins  of  two  HIV-2  isolates  are  similar  which  suggests  that  HIV-1  and  HIV-2  have 
existed  in  their  present  population  for  similar  lengths  of  time.  Therefore,  it  is  possible  that  the 
discrepancy  between  these  studies  is  due  to  a  lower  morbidity  rate  for  HIV-2.  A  more  difficult 
question  is  whether  there  is  a  fundamental  genetic  difference  between  the  two  virus  groups  that 
could  explain  their  apparent  different  biological  behavior  in  infected  individuals.  The  overall 
genetic  structure  of  HIV-1  and  HIV-2  is  very  similar,  with  the  exception  of  an  extra  open  reading 
frame  in  HIV-2,  which  has  been  designated  vpx. 

Most  of  the  viral  gene  products  that  regulate  viral  expression  and  reparation  of  HIV-1  are 
also  present  in  HIV-2.  In  fact,  the  putative  functional  domains  of  the  regulatory  proteins  are 
evolutionary  conserved.  However,  differences  in  the  overall  structure  of  the  HIV-2  LTR's  which 
are  larger  than  HIV-1  LTR's  account  for  a  variation  in  the  responsive  region  to  the  viral 
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transactivator  gene  (tat')  (122).  More  genetic  information  is  also  needed  to  encode  the  ial  and  rev 
proteins  as  reflected  by  the  study  of  functionally  active  SIV  and  HIV-2  cDNA’s  (101).  However, 
the  major  structural  differences  appear  to  be  the  presence  of  a  gene  (vpul  in  type  1  viruses  (28)  and 
another  gene  (vpx)  which  is  present  only  in  type  2  viruses  (83,98).  The  amino  acid  sequences  of 
these  two  genes  are  not  homologous  and  whether  they  are  functionally  equivalent  is  still  an  open 
question. 

SIVmaC  and  HIV-2  viruses  also  differ  from  HIV-1  in  the  length  of  the  transmembrane 
portion  of  the  viral  envelope.  Whereas  HIV-1  encodes  for  a  gp41,  SIVmaC  contain  a  translation 
termination  codon  reducing  the  transmembrane  protein  to  32  Kd  (gp32).  In  addition,  some  isolates 
of  HIV-2  also  appear  to  have  a  truncated  transmembrane  protein  (25,29,30,123).  This  work 
shows  that  the  region  after  this  termination  codon  is  expressed  and  immunogenic  in  SIV  infected 
monkeys.  Two  out  of  three  experimentally  infected  macaques  showed  reactivity  against  one  or 
both  synthetic  peptides,  PT-1  and  PT-2.  No  definitive  correlation  between  reactivity  against  PT-1 
and  PT-2  and  disease  progression  could  be  found  since  all  three  macaques  died  of  AIDS  from  17 
to  1 8  months  following  infection.  It  is  intriguing  that  three  SIV  inoculated  baboons  did  not  mount 
an  immune  response  to  the  generated  peptides.  These  baboons  were  SIV  virus  positive  and 
antibody  positive  although  they  remained  healthy  2  1/2  years  after  inoculation.  This  may  suggest 
an  in  vivo  modulation  of  expression  of  the  termination  codon  that  is  correlated  with  pathogenic 
effect. 

No  reactivity  against  PT-1  was  detected  in  the  other  SIV-infected  animals  studied  or  in  HIV-2 
infected  humans.  As  genetic  variability  occurs  among  the  various  isolates  of  HTV- 1  and  HIV-2,  it 
is  likely  that  different  monkey  species  are  infected  with  related  SIV  viruses  w-ith  slightly  different 
amino  acid  sequences  in  this  region.  This  assumption  is  underscored  by  the  fact  that  the  region  in 
the  transmembrane  protein  after  the  termination  codon  is  one  of  the  least  conserved  regions 
between  SIV  and  different  HIV-2  isolates  (83,98,122).  Likewise,  the  lack  of  immune  reactivity  in 
HIV-2  infected  humans  may  well  be  the  result  of  a  different  amino  acid  sequence  in  the  region  of 
HIV-2  homologous  to  the  region  in  SIV  from  which  PT-1  and  PT-2  were  derived. 
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The  availability  of  a  replication  competent  HIV-2  proviral  clone  provides  the  tools  to  study 
the  vpx  gene  which  is  unique  to  HIV-2  and  SIV  as  well  as  the  role  of  the  "non-essential"  accessory 
genes  of  HIV  in  virus  replication  and  the  relevance  of  the  structural  differences  in  vivo. 
Furthermore,  the  regulatory  elements  of  the  viral  LTRs  and  their  interaction  with  the  regulator)' 
proteins  can  be  evaluated  in  the  context  of  a  complete  infectious  genome.  The  value  of  an 
infecdous  HIV-2  clone  in  developing  an  animal  model  for  HIV  vaccine  and  therapy  studies  should 
also  be  emphasized.  Rapid  progress  in  the  development  of  a  protective  vaccine  against  HIV  has 
been  impaired  by  the  lack  of  a  suitable  and  cost  effective  animal  model.  Successful  infection  of 
non-human  primates  has  been  achieved  only  in  chimpanzees  (124)  and  gibbons  (125)  which  are 
scarce.  Furthermore,  no  pathogenicity  of  the  virus  is  observed  in  these  animals.  Since  the  parental 
HIV-2sbL6669  and  the  molecular  clone  HIV-2isy  productively  infect  rhesus  macaques  and  these 
macaques  are  sensitive  to  the  pathogenic  effect  of  HIV-2,  the  development  of  an  animal  model 
using  a  highly  related  human  virus  will  obviously  be  very  valuable.  Finally,  we  have  recently 
shown  that  individual  isolates  of  HIV-1  are  composed  of  microvariants  with  distinct  biological 
properties  and  susceptibility  to  given  neutralizing  sera  (126).  The  composition  of  this  population 
presumably  drifts  due  to  new  mutations  and  selection  in  response  to  changes  in  available  target 
cells  and  host  immunity.  The  availability  of  an  infectious  molecular  clone  will  allow  us  to  measure 
the  genetic  evolution  of  the  viral  genome  and  its  immunological  consequences  in  the  infected  host. 

Animal  Model  for  HTV-2 

Minimal  genetic  drift  of  the  HIV-2  viral  genome  was  found  to  occur  in  vivo  over  the  course 
of  a  5-month  period  in  the  macaques  infected  with  a  cloned  virus  isolate.  Such  data  suggest  that  the 
high  degree  of  HIV-1  genetic  variability  first  described  by  Hahn  £i  ai.  (127)  and  more  recently 
reexamined  by  polymerase  chain  reaction  (128)  might  be  due  to  selection  of  viral  genotypes  present 
within  the  infected  individuals  rather  than  to  rapid  nucleotide  changes  in  the  viral  RNA.  This 
concept  is  supported  by  the  demonstration  that  each  viral  strain  contains  multiple  genotypes  (126) 
and  implies  that  HIV-2  and  HIV-1  existed  in  myriad  variants  at  the  start  of  the  epidemic.  An 
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alternative  explanation  of  the  low  genetic  drift  detected  in  the  HIV-2isy  isolated  from  Rhesus 
macaques  could  be  that  the  virus  is  not  subjected  to  selective  pressure  due  to  the  fact  that  our 
animals  did  not  develop  neutralizing  antibodies.  However,  this  conclusion  does  not  take  into 
account  the  role  of  cell  mediated  immunity.  The  failure  to  isolate  virus  from  the  peripheral  blood 
lymphocytes  (PBL)  of  HIV-2  inoculated  Rhesus  macaques  several  months  after  inoculation  seems 
to  suggest  a  low  rate  of  virus  replication  in  peripheral  blood  mononuclear  cells.  However,  despite 
the  failure  to  isolate  virus  from  the  PBL  of  the  infected  animals,  viral  sequences  could  be  detected 
in  the  PBL  DNA  of  the  infected  animals  by  PCR.  Since  the  antibody  titer  in  the  animals  remained 
constant,  a  certain  level  of  viral  replication  must  occur  in  PBL  and  in  other  lymphoid  organs.  The 
progressive  decrease  of  CD4+  T  cells  from  the  peripheral  blood  of  the  two  animals  infected  with 
HIV-2isy  indicates  that  a  pathogenetic  effect  is  generated  even  though  there  is  a  low-  level  of  virus 
replication.  The  early  signs  of  immunodeficiency  observed  in  the  infected  Rhesus  macaques 
suggest  that  this  animal  model  can  be  used  to  study  the  prevention  of  infection  and  the  modulation 
of  disease  progression.  Moreover,  the  availability  of  monkeys  infected  with  a  molecular  clone 
provides  a  suitable  tool  to  study  genetic  manipulation  of  accessory  genes  in  viral  infectivity  and 
pathogenicity  in  vivo. 

These  studies  have  shown  that  extensive  homology  exists  among  the  HIV-1,  HIV-2,  and 
SIV  genomes.  Such  a  similarity  in  genomic  structure  and  biological  properties  of  these 
retroviruses  suggests  that  an  SIV  animal  model  system  can  be  used  to  study  the  mechanism  of 
immunodeficiency  disease.  Infectious  molecular  clones  of  HIV-2  and  SIV  (129,1  30)  have  been 
used  to  inoculate  rhesus  monkeys  in  order  to  follow  the  viral  etiology  of  AIDS  w'ithin  a  suitable 
time  frame.  The  molecularlv  cloned  SIV  virus  induced  SAIDS  and  resulted  in  the  death  of  the 
animals.  Animal  model  studies  should  lead  to  an  understanding  of  the  molecular  mechanisms 
underlying  disease  pathogenesis  and  the  effects  of  drug  therapy  or  other  treatments  on  the 
development  of  AIDS. 
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FIGURE  1:  Construction  of  C-Terminal  en  v  Deletion  Mutants. 

The  parental  plasmid  pHXB2gpt,  which  contains  a  full-length  biologically  active  HIV-1  proviral 
clone,  was  cleaved  in  the  5'-nef  region  using  Xhol.  Following  variable  bidirectional  digestion 
with  Bal  31  nuclease,  the  clones  were  blunt  ended  with  T4  DNA  polymerase  and  self-ligated  with 
T4  DNA  ligase.  (The  Xbal  site  is  no  longer  present  in  the  modified  clones  due  to  the  presence  of  a 
polylinker.)  Deleted  regions  were  identified  by  sequencing  the  clones  by  the  Sanger  method  using 
double-stranded  DNA  and  Klenow  fragments. 
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FIGURE  2:  Construction  and  Properties  of  vif  Mutants  of  III V- 1 . 

Plasmid  X  was  generated  from  pHXB2gpt  by  removal  of  an  EcoRI  site  in  the  polvlinker  region. 
Mutant  aS  was  prepared  by  digestion  with  Ndel  and  Ncol  and  religation.  Mutants  6.9,  3.3,  and 
153.0  were  generated  by  site  directed  mutagenesis  such  that  stop  codons  were  introduced  in  frame 
at  the  locations  marked  — - X—  (see  text).  Mutated  fragments  were  recloned  into  clone  X  and 
transfected  into  H9  cells  by  protoplast  fusion.  Cultures  were  monitored  for  HIV-1  production 
throughout  the  course  of  the  experiment. 
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FIGL'RE  3:  Amino  Acid  Sequences  of  C-Terminal  env  Deletion  Mutants. 

Amino  acid  sequences  of  parental  HXB2  and  selected  deletion  mutants  are  shown.  Dots  indicate 
residues  identical  with  the  parental  HXB2  clone,  and  dashes  indicate  deleted  ammo  acids.  Note  the 
cystine  residue  at  position  835  in  clone  X362  and  the  proline  residue  at  position  842  in  clone 
X429. 
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FIGURE  4:  Locations  of  Deletions  in  Mutants  Exarrined  for  Defects  in 
Packaging. 
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FIGURE  5:  Cytopathic  Effects  of  Cell-Free  Transmission  of  C-Terminal  env 
Deletion  Mutants. 

Numbers  of  viable  cells  surviving  after  infection  with  300  x  TCID50  (H9  and  SupTl)  or  a  fixed 
multiplicity  of  infection  (1000  cell- 1  -  ATH8)  of  the  respective  deletion  mutants  after  two  weeks 
incubation.  Experiments  on  H9  and  SupTl  were  performed  in  triplicate,  those  on  ATH8  in 
duplicate.  Cytopathogenicitv  determinations  on  ATH8  were  not  performed  on  X295  and  X468, 
whereas  X2C9  was  found  to  be  extremely  cytopathic  (no  viable  cells  seen). 
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FIGURE  6:  Transmissibility  of  "Packaging"  Mutant  Viruses  into  H9  Cells. 

Plasmid  DNA  containing  the  deletions  in  the  sequences  between  the  5'LTR  and  gag  (A293,  #79, 
and  #1 1)  were  transfected  into  Cos-1  cells.  The  resulting  supernatants  were  tested  for  the  presence 
of  infectious  virus  by  cocultivating  with  polvbrene  treated  H9  cells  and  monitoring  the  percentage 
of  cells  positive  for  HTV-1  p24  by  immunofluorescence.  Plasmids  HXB2D  and  XI 0-1  were 
included  as  positive  controls. 
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FIGURE  7.  Time  Course  of  the  Amount  of  Hiv-1  p24  and  Hiv-1  RNA  Accumulating 
in  Extracellular  Virions  Following  Transfection  of  Plasmid  DNAs  into  COS-1  Cells. 

Cos-1  cells  were  transfected  with  wild  type  (HXB2  gtp)  or  mutant  (#3,  #79)  DNA,  and  the  kinetics  of 
appearance  of  viral  p24  antigen  and  RNA  in  the  cell-free  supernatants  was  measured  at  various  times 
post  infection.  (A)  HIV-1  p24  was  quantitated  by  Biotech's  antigen  capture  assay.  (B)  HIV-1 
RNA  was  quantitated  by  slot  blot  assay  and  hybridization  with  3-P  HXB2. 
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FIGURE  8:  Slot  Blot  Hybridization  of  5-Fold  Serial  Dilutions  of  RNA  Extracted 
from  Virions  and  Hybridized  with  32P  pBHIO  Probe. 

The  last  two  sets  include  positive  controls  of  dilutions  of  RNA  from  HIV  grown  in  H9  cells  and 
the  plasmid  pBHIO.  Note  that  a  "mock"  virus  preparation  from  uninfected  H9  cells  gives  no 
hybridization  signal. 
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FIGURE  9:  Standard  Curve  of  cpm  Versus  pg  pBHIO  from  Slot  Blot  Data. 

Serial  dilutions  of  pBHIO  were  slot  blotted  on  nitrocellulose  filters  and  hybridized  with  32P  labeled 
pBHIO  probes.  The  region  of  the  filter  containing  the  hybrids  was  cut  out  and  counted  in  a 
scintillation  counter.  The  cpm  hybridized  was  plotted  against  the  amount  of  pBHIO  target  applied  to 
each  slot. 
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FIGURE  10:  Quantitation  of  Viral  Antigen  in  Cell-Free  Virions  Obtained  from 
"Packaging"  Mutant  Viruses. 

Serial  dilutions  of  cell-free  virions  were  assayed  for  p24  activity  using  Biotech's  p24  Antigen  Capture  assay.  The  results 
are  plotted  as  pg  antigen  present  at  each  dilution.  The  linear  portion  of  the  curve  was  used  for  quantitation  purposes. 


FIGURE  11:  Quantitation  of  Viral  RNA  (cpm)  Present  in  Cell-Free  Virions  Obtained 
from  the  "Packaging"  Mutant  Viruses. 

Serial  dilutions  of  cell-free  virions  were  assayed  for  HIV-1  RNA  by  slot  blot  hybridization  with  32P  labeled  pBHIO  probe 
as  in  Figure  8.  The  results  are  plotted  as  cpm  hybridized  at  each  dilution. 
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FIGURE  12:  Plasmid  Clone  C15CAT. 

Plasmid  Clone  C15CAT  was  constructed  by  ligation  of  Hind  III  linkers  to  the  blunt  ended  Pst  I 
insert  of  C15,  digestion  with  Hind  lH  and  ligation  of  the  resulting  fragment  into  the  Hind  ID  site  of 
pSYOCAT.  Deletion  mutants  in  LTR  were  made  by  Bal31  exonuclease  digestion  from  the  Kpnl 
site  in  the  direction  of  arrows. 
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FIGURE  13:  Missense  Mutants  Generated  at  the  Amino  Terminus  of  tat. 

The  relevant  nucleotide  sequence  of  the  wild-type  tat  cDNA  clone  is  shown  and  the  alterations  made  to 
generate  the  missense  mutations  are  indicated.  Mutant  cDNA  clones  are  designated  by  the  position  of  the 
amino  acid  altered  and  the  resulting  amino  acid. 
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FIGURE  14:  Features  of  Clone  C15  and  Resulting  5'  Deletion  Clones  Containing 
HTLV-III-LTR  Sequences. 

CD  12  contained  a  small  deletion  around  the  Kpnl  site  by  restriction  enzyme  analysis  while 
retaining  the  surrounding  Xhol  and  Bglll  sites.  Each  in  nucleotides  from  the  transcriptional  start 
site  at  +1.  Regions  of  homology  to  other  genes  and  biologically  relevant  features  are  diagrammed 
as  indicated  above  the  map.  CAT  assay  results  of  lysates  prepared  from  transfected  H9  and  H9/IU 
cells  are  shown  on  the  right  of  each  clone.  Balues  are  percent  conversion  of  14C  chloramphenical 
to  acetylated  metabolites. 
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FIGURE  15:  Microscale  Affinity  Assay  of  Proteins  Binding  to  the  HIV  Enhancer 
Sequence. 

Nuclear  extracts  of  cells  labeled  with  35S-methionine  were  prepared  and  incubated  with 
biotinylated  oligonucleotides  containing  the  enhancer  sequence.  The  protein/oligonucleotide 
complexes  were  captured  on  streptavidin  beads.  The  specific  binding  proteins  were  eluted  and 
analyzed  on  polyacrylamide  gels.  Lanes  1  and  2  are  two  different  amounts  (1/1000  and  1/200, 
respectively)  of  the  crude  nuclear  extract  used  for  each  reaction.  Lane  3  represents  the  proteins  that 
are  recovered  when  all  the  ingredients  of  the  reaction  except  biotinylated  probe  are  added.  Lane  4 
represents  the  proteins  recovered  with  the  biotinylated  HIVEN3cl/2  oligonucleotide,  and  Lane  5 
represents  the  proteins  recovered  with  the  biotinylated  HIVEN2m3/4  oligonucleotide.  Exposure 
was  for  2  days  on  Kodak  XAR  film. 
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FIGURE  16:  Gel  Retardation  Assay  Using  HIV  Enhancer  Probe. 

Cell  extracts  were  prepared  from  H9,  SK-CML8-Bt3,  SK-CML-BN10,  PHA-induced  Jurkat  and 
uninduced  Jurkat  cells  and  incubated  with  a  biotin  labeled  HTV  enhancer  12  bp  probe 
(-GGGACTTTCCAG-).  Lanes  2,5,8, 1 1  and  14  also  contained  10  pmol  HIVEN  c  1/2  oligo¬ 
nucleotide  competitor.  Lanes  3,6,9,12  and  15  contained  10  pmol  HIVEN  c  3/4  competitor.  Lane 
16  contained  the  probe  with  no  added  extract. 
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FIGURE  17:  Construction  of  Plasmid  T7-TAR-CAT. 

Plasmids  T7-TAR-CAT  was  constructed  from  clone  CD52  which  contained  the  HIV-1  LTR  gene  linked  to 
the  Chloramphenical  amino  transferase  gene  (CAT)  and  the  polyadenyladon  site  of  SV40.  The  T7 
promoter  was  inserted  upstream  of  the  TAR  region  by  digestion  with  Xba  I  and  Bgl  II  and  ligation  of  a 
Xba  I/Bgl  II  fragment  containing  the  T7  promoter  linked  to  the  5’  region  of  HIV. 
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FIGURE  18:  Generation  of  HIV-1  TAR  Transcripts  Linked  to  the  CAT  Gene. 

The  T7-TAR-CAT  plasmid  was  linearized  by  digestion  with  Bam  HI.  The  resulting  DNA  was 
used  as  a  template  for  T7  RNA  poh  merase  to  transcribe  mRNA  containing  the  CAT  gene  linked  to 
the  TAR  sequences.  For  generauon  of  transcripts  of  TAR  only,  the  plasmid  was  digested  with 
Bam  HI  and  Hind  IE,  the  2-8  kb  fragment  was  isolated  on  agarose  gels,  and  used  as  the  template 
for  transcription. 
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FIGURE  19:  Stimulation  of  Viral  Gene  Expression  by  Mitogens. 

(A)  Nuclear  transcription  analysis  of  mitogen  induced  gene  expression  in  HIV-1  infected  Jurkat  cells. 

(B)  Dot  blot  analysis  of  HIV-1  RNA  levels  in  infected  CD4+  peripheral  blood  lymphocytes  following 
mitogen  activation. 
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FIGURE  20:  Mitogen  Stimulation  of  the  HIV-1  LTR. 

The  ability  of  several  mitogens  to  stimulate  CAT  production  was  measured  in  Jurkat  cells  transfected  with 
plasmid  constructs  containing  a  series  of  deletion  mutations  in  LTR  linked  to  the  CAT  gene. 
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FIGURE  22:  Predicted  Structures  of  the  Wild  Type  and  Mutant  HIV-1  (AS)  TAR 
mRNAs. 


106 


Ec 

tat 


Bv 

tat 


Ec 

tat 


Bv 

tat 


=robe 


FIGURE  23:  Direct  Binding  of  tai  to  HIV-1  TAR  Transcripts. 

RNA  transcripts  of  T7-TAR-CAT  or  the  AS  mutant  were  labeled  with  32P  and  incubated  in  the  presence  or 
absence  of  recombinant  tat  protein  from  E.  coli  or  baculovirus  expression  systems.  The  resulting 
complexes  were  analyzed  by  gel  shift  assays  of  RNA  mobility  on  polyacrylamide  gels. 

(A)  Gel  Shift  Assay  of  32P  RNA  transcripts  of  wild  type  or  mutant  (AS)  in  the  presence  or  absence  of 
recombinant  lai  protein. 

(B)  Gel  Shift  Assay  showing  competition  of  unlabeled  RNA  transcripts  with  32p  RNA  transcripts  for 
binding  to  recombinant  tat  protein. 

(C)  Gel  Shift  Assay  of  32P  transcripts  of  wild  type  TAR  with  recombinant  gpl60,  rev,  or  tat. 
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FIGURE  24:  Functional  Analysis  of  Missense  Mutations. 

Tat-expressing  cDNA  clones  (1  |ig),  under  the  control  of  the  SV40  late  promoter,  were  cotransfected  with 
the  plasmid  C15-CAT  (10  fig)  containing  the  HTV-1  LTR  linked  to  the  CAT  gene  as  described  in  Materials 
and  Methods.  A  histogram  illustrates  the  average  values  obtained  from  three  independent  sets  of 
transfections.  The  fold  transactivation  for  wild-type  and  mutant  clones  was  calculated  from  the  percentage 
conversion  relative  to  the  value  obtained  with  Cl  5-CAT  cotransfected  with  the  vector  pSVL.  CAT 
activities  of  each  sample  in  the  representative  CAT  assay  shown  (upper  panel)  relative  to  the  wild-type 
(10%  conversion)  are:  wt  (1.00);  gly2  (0.06);  gly5  (0.23);  gly9  (0.29);  lys5  (0.1 1);  glu5  (0.53);  gly2,5,9 
(0.02);  ala5  (0.18);  ala9  (0.88);  asp9  (1.02);  pSVL  (0.02);  and  3M  (0.01),  indicating  the  promoterless 
construct,  pCAT3M. 
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FIGURE  25:  Truncation  and  Replacement  of  the  Amino  Terminal  Domain. 

(A)  Mutants  generated  by  using  the  oligonucleotide  cassettes  as  described  in  Materials  and  Methods.  SH- 
2  encodes  two  repeats  of  the  sequence  Glu-Gln-Leu,  which  could  form  two  turns  of  an  acidic-amphipathic 
helix.  SH-3  contains  three  repeats.  The  truncation  mutant,  A2-8Gly9  deletes  amino  acid  residues  2-8.  All 
three  mutants  retain  the  Gly  at  position  9  from  the  original  gly2,5,9  construct.  (B)  CAT  activity  of  wild- 
type  and  mutant  constructs  is  shown  as  a  function  of  input  plasmid  DNA. 
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FIGURE  26:  Restriction  Enzyme  Map  of  the  SIVmac  Genome. 

Five  lambda  clones  were  isolated  from  a  genomic  library  obtained  from  the  SIVMAC  infected  cell 
line  K6  W.  The  solid  bars  represent  the  individual  clones.  The  endonuclease  map  depicted  in  the 
lower  pan  of  the  figure  was  derived  by  computer  analysis  of  the  DNA  sequence  obtained  from  four 
phage  clones  (16,  27,  35,  and  1 1).  The  sequence  is  shown  in  Figure  32. 
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FIGURE  27:  Restriction  Enzyme  Maps  of  the  HIV-2  Genome. 

The  upper  portion  of  the  figure  represents  the  endonuclease  restriction  maps  of  the  proviral  HIV-2 
clones  obtained  from  the  viral  isolates  HIV-2nih-z  and  HIV-2sbl6669(ISY)-  The  lower  portion 
represents  the  results  of  Bam  HI,  Xba  I,  and  Eco  RI  cleavage  of  the  genomic  DNAs  of  the  HIV- 
2nth-Z>  HIV-2sbl6669.  HIV-2isy,  and  SIVMAC2si  infected  cell  lines.  K=Kpn  I,  P=Pst  I,  B=Bam 
HI,  X=Xba  I,  H=Hind  III,  E=Eco  RI,  S=Sac  I. 
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FIGURE  28:  Genomic  Organization  of  HIV-1,  HIV-2/SIVmac>  and  SIVagm- 
The  bars  represent  ooen  reading  frames  corresponding  to  the  various  genes,  with  the  exception  of 
the  LTRs. 
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tat  =  p  14,  transactivation  gene 
env  =  envelope  protein 
LTR  =  long  terminal  repeat  unit 
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1 7 ;  c  : :  4  c 

GCAGCAGCCCAGCAGAGAAAG  J>C  ATTCAAC7GC7GGAAT7GTGGAAAGGAAGGAC  AC7CG 
A  A  A  £)  £)  P  K  7  F  K  C  w  s  c  G  K  E  G  h  S 

TH  16CC 

GCAAjACAATGGAGCGCGCCTAGAAGBC  AGGGC7GC7GGAAG7G7GG7AAG7C  AGGACF7 

af©wsafff;  gcwkcgf  sgh 


FIGURE  29:  The  Complete  Nucleotide  Sequence  of  the  HIV-2\jh.z  Genome. 
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CCCJkGXCTGGCfcCTTTCTATCTACCCCXrCACTGCTCACCrrACCA.  -  .  AACTTGC^AG 

PDW-CFVSTPPi.v*LAF*il'V 


369C 


TC 


GAGAOCCTCTACCAGGCGCAGAAACTTTCTACACAGATGGATCCTGCAATAGGCACTvAA 

GEPVFGAI.TFY7GGSCNRCS 

37iC 

AAGAAGGGAAAGCAGGA7ATA7AACAGATAGAGGGAGAGACAGGG:AAAAGTATTAGAGC 

KEGKAGVITCKGKtf'  -'^'-  Lt 


»b:: 

AAA“7ACCAATCAGCAAGCAGAATTAGAAGCCTTTGCAATGGrA. 

CTTKCCALLEAFAMA 


r  a  a  c  a  . ,  a  cz  :  a  g  r  r 


rGCATGCrTAGACAGGACAGTAGA^^  'TAT  AAA.  A..A  ^A  VG.  AGTuAATrAC  :  A*  r. 

P  r  A  P  C  r  E  P  0  R  *  *  F  *  ? 

A*LtPT^EA;KPEA^P*fcF  R 

AGAGTTCA .  CCAGG77TGC-'  AGAGCT7  CTtj^AuAT  A 
p  a  p  r  p  c-  :  *  f  '■  :  £ 

r^:Ft,-tov^5taF-’ 

GTc aac aagct*:a ~ kaxaz atagat »  tttgt  .  "7  aat  a 
E  7  S  1  7  ►  'I  a  • 


7  —  AA..A..AGA7G-.  '  A  '77 

*  t  £  ;  c  t 


V  ATGATGAAC  AAG^AI 

•  r  i  c  c  k 

t  SB: 

"  A  AT57  A.  ATjJA 


C  A  AAAG  77  AAT  ATT  AT  AGT  AG  A  GTC  AC  AAT  ATGT  AATGGGG AT AGT AG  7  AGG  7  7  AA  7  C  AA 
£  K  A  S  :  :  .  :  i  i  ^  V  K  o  :  •«  A  C.  .  f 

393:1  -  .  ,  ;^C 

CAGAGTCAGAGAATAGAATAGTAAATCAGATCATAGAAGAAATGATAAAGAAAGAAG.  AA. 

TE£thJ>:vhCi**FtK:KKt* 


£  1  £  £  »  *  » 

rc  GG  AG. ,  AT  AGG  A  7  71 C  A.1  G  A  ^ 


aa  7  a  jAaat 


T07ATC7TGCCTGGG77 77.’.  GCCCACAAAGjCATAGGAGGAAACC AGGAAGTAGAT7A.  . 

I  Y  %  A  W  V  P  A  H  K  G  I  G  C  h  C  t  v  C  H 

4  0  SO  <0*C 

TAGTAACTCAGGGCATTAGACAAGTATTATTCCTAGAGAAAATAGAACCCGCGCAGGAAG 

LVSC'GlPtVLFLEP  *  E  £  A  £  E 

4110  4:40 

AACATCAAAAATATOATAGCAATATAAAAGAACTGTCCCATAAATTTGGAATACCCAAGC 

EMEAYHShlAELSh*.  FG1  P  > 

4 i 7C  4100 

TAGTGGCAAGACAAATAGTAAACACATGTGCCCATGTGCAACAGAAAGGGGAGGCTATAC 
i  V  A  p  t  :\K7fAKVCt>  G  i  A  J 

4  ;  TC  4  260 

ATGGGCAAGTAAATGCAGAACTAG  GCArTTGGCAAATGGATTGCAC  A7  ATTTAGAAGGAA 
HGvVNAELGTUC‘MCc7hLEG 

4*90  432C 

aagtcattatagtagcactacatgttg:aagtggatttatagaggcagaagttatcccac 
K  V  :  :  V  A  V  H-  V  A  S  G  F  I  E  A  E  V  :  F 

4 3 SC  4 

AGGAATCAGGAAGGCAAACAGCACTGTTCrrACTGAAACTGGCCAGTAGGTGGCCAATAA 

C’esgfctalfli.klasfwp  : 

44 1 C  444C 

CACACCTGC ACACAGA7AATGGTGCCAA7T77 A77TCACAGGAAGTGAAAATGG7  AG CAT 
THLHTrs  GANFTSGEVf  MV  A 

4  4  7C  4S0C 

GGTGG jTAGGTATAGAACAAACCTTTGCACTCCCTTACAATCCACAAAGCCAAGGAGTAG 

W  w  v  G  2  E  c  T  r  G  v  F  Y  K  F  C  S  c  c  v 

46  3C  4  S6C 

TAGAAGCAATGAATCATCATCTAAAAAATCAGATAGACAGAATTAGAGAGCAGGCAAATA 

veaknkhlkncjdrirecan 

PPT* 


GAAATAGAA  GAA..AA' » 


7  AA  G 


4S90 


4  6  20 


cagtagaaacaatagtattaatggcagttcattgcatgaattttaaaagaaggggaggaa 

tvetivlmavhcmnfkprgg 

46S0  *  4680 

7AGGGGA7ATGACCCCACCAGAAAGAATAATCAATATGA7CACCACACAACAAGAAATAC 

:gcktpaer;:nmittece: 

4?:c  4  7  4  C 

AArrrCTCCAAGCAAAAAATTCAAAATTAAAAAATTrrCGGGTCTATTTCAGAGAAGGCA 
CF-tAKNSKfcKHFRVYFFtEG 

4770  4P0P 

GAGATCACCTGTGGAAAGGACCTGGGGAAC7G7TGTGGAAGGGAGACGGAGCAGTCATAG 
FDCLWKGPCEI.S.WKGCGAV2 

4830  4660 

.  .  AAGGTAGGG  AG  AG  AAA  ■  AAAAGT  AGT  A  _  7  AAGAAGG  A  AAu  v  vAA.jA.wA.*  t\t\ AC*.*  « 
V  K  V  G  7  £  I  £  V  V  P  P  P  K  A  K  I  I  £.0 

4690  <92C 

ATGGAGGAAGGCAA&AGATGGATAGTGGTTGGCATTTGC  AGGGTGCCAGGGAGGATGGAG 
YGGPCEMG5GSHLEGAPECG 

%o'  ►  y  z  e  c  k  p  v  :  v  v  ?  :  wfvfgfke 

<°5C  <96: 

AGA7GG7  ATACrTTGGTrAAGTAGTTGAAATAC  AGAAGAAAAGAC7TAGAGAAGG7A7GG 
£  £*  A  4  DO! 

F  w  V.  S  1  V  £  Y  L  £'.  Y  P  T  £.  D  L  E  £  V  C 

so:c  so 40 

Y  V  p  K  M  »  V  c  W  A  w  w  T  C  S  F  v  :  F  P 

so' c  sioc 

CTGAAAGAGAACAGTCA777GGAGA7ACAAGCA7A7TGGAAC  7TAACACCAGAAAAAGGA 
1.  £  £  N  S  H  '  EICAYWNLTPEKG 

5*30  S  * 60 

TGG77C7C7TCTC  A7TCACTG  AGAATAA77TGC7A7ACAG  AAAAGTTCTGGACAGATCT’T 
W  L  S  5  H  S  v  P  I  T  w  y  T  E  K  F  W  T  G  V 

5290  _ _  _  _  _  SI  20 

TFCCALTLSHSTYFSCFTAG 

5ISC  S280 

GAAGTAAGAAGAGCCAT7AGAGGGGAAAAATTATTGTGGTGCTGCAAATA77CCCGAGCC 
EVPRAIRGEKLLSCCKYFFA 

S3 1C  * 3  40 

7  ATAG  AT7C7AGCTA  77CTC  A~7T7  AATTT7TGGCCTT  AGTGGTAGTGC  AAC  AAAATG  AC 
K  P  S  C  V  F  S  L  C  F  L  A  L  V  V  V  C  C  K  £ 

c.,c, 

AGATCC7 AGGG AAA7  ACTG7C ACC AGG AAA  I AG CGGCC A GGAGAC7  AT 7  GAAGAGG7CTT 
PSCGHSATPFCPPCOYFFGL 

dppetvppgnsgeet:  eeaf 


TATATCTATACTA&G7ATGGAGACACCCTTGAAGG7G' 7 AG AG AG CTC ATT  AG AAT CCTG 


CAACGAGCCCTCTTCGCGCACTTCAGAGCAGGATGTGGCr  A'TCAAGAATTGGCCAGAGA 

69  7C  6C0C 

AGGGGAGGAAATCrTCTCTCAGCTAT  ACCGACCCCT  AOAGGCATGrACTAA'CTCCTGCT  A 

fc(U  _  fcOfef 

TTG  C  A  AG  AAATGCTGCTACGATTGC  7  AG7TGTC  .  .  .•  A  .  AAAAGGGGCT  7  GviGA  .  A  *  G 

60  9  C  C’.IC 

CTATC ACCGAAAGGGC AG ACG AAGAAGG ACTC C AAAG AAAACTAAGGCTCATCCCTrTTC 

€  1  SC  E  *  BO 

■^G^A-CAGACAAGTGAGTATGAAGGGTAGTAAGAATCAACTGCTGArrGCTATTCTACTA 

ENV^  K  R  G  S  A  K  C  L  L  2  A  1  V  L 

ti ic  t:4C 

G"”AGTGrTTACCTAATACATTGCAAGCAATTTGTGACTGTTTTTTACGGCATACCCGCG 

ASAYLlHCKCFVTVFYGjrA 

6270  tH'O 

TGGAGGAATGCATCCATTCCCCTCTTTTGTGCAACCAAAAATAGAGATAOrrGGGGAACA 

wpnasiflfcatknfctwgt 

6330  636C 

ATA7AGTGCTTACCAGACAATGATGATTATCAGGAAATAACTCTAAATGTGACAGAGGCT 
IQCLPDP'DDYCEI  TLNVTEA 

6390  6<0C 

TTCGATGCATGGAATAATACAGTAACAGAACAAGCAGTAGAGGATGTCTGGAATCTA7-7T 

rOAWKKTVTEOAVEDVWNLF 

6  4  SO  £><BC 

gagacatcaataaaaccatgtctcaaattaacacccttatgtgtagcaatgaactgtaca 

tTSl  KFCVKLTPLCVAKNCT 

66 1C  CS4C 

AGGAACATGACCACATGGACAGGGAGGACAGACACCCAAAATATCACAATTATAAATGAC 

rsmttwtgptctcnit:  :kc 

6S70  660C 

ACTTCCCATGCGCSTGCAGACAACTGCACAGGATTAAAGGAGGAAGAAATGATCGACTGT 

tsharadnctglkeeek:  dc 

6630  6660 

CAGTTTAGTATGACAGGATTAGAGAGAGACAAG AGAAAA  C ACTATACTGAAGC ATGGTAC 

C  F  S  K  T  G  1.  E  R  0  K  R  £  7  Y  T  E  A  W  V 

fc6  9C  6  7 IC 

77 AAAAGATG7GCTTTG7GACAATAACAC7TC AACTC AGAGCAAG7GT7AC ATGAACC AT 

S  £•.  D  V  V  C  0  N  N  T  S  S  C  S  K  C  Y  K  K  H 

6  7  sc  tee: 

TC-CAACACATCAGTCATCAGAGAGTCATGTGATAAGCACTATTGGGATGTTATGAGCTTT 

c  N  T  5  v  :  T  E  5  C  r.  HSWCAKFF 

6  E  1  C  6  6  <  C 

AGATACTCTGCACCACCGGGTTTTGCCTTACTAAGATGCAATGATACCAATTA7TCAGGC 

py  CAFFGf  ALLFCR'ETKYSG 

6670  69CC 

TTTGCACCTAACTGCTTTAAAGTAGTAGCTGCTACATGCACCAGAATGATGGAAACGCAA 

FAFNCSK.  VVAATCTRMMETC 

6930  696C 

ACTTCTACATGGTTTGGCTTTAATGGCACTAGAGCAGAAAATAGAACATATATCTATTGG 
7  *  ’  s  T  V  FG  r  N  G  TR  A  E  N  RTY  I  Y  W 

6990  £020 

C ATGCTAAAG  ATAA  7  v  G  AATT ATT A‘.  w  AOCTTAAAT AAC TTTTAT AATCTC  ACT ATGC  AT 

hgkdnrt:  I  SLNKFYKLTMH 

7  c  SC  7CBC 

TGTAAGAGGCCGGGAAATAAGACAGTCTTACCAATAACATTTATGTCAGGCTTTAACTTT 

CKRPGNKTV  1.F  I  T  r  M  S  G  r  K.  F 

7 : : c  7140 

cactcccagccagtcatcaataaaaaacccaggcaagcatggtgttggttcgaaggccaa 
HSCFV  INAKPPC'AWCWFIGC 

7:  70  7  2CC 

TGGAACGAAGCCATGCAGGAGGTGAAGGAGACCCTTGCGAAACATCCCAGATATAAAGGG 
•  K  E  A  M  c  E  v  r  E  T  L  A  R.  H  P  R  Y  K  G 
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I 
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I 

1 

I 

I 

1 
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I 

I 

I 

I 


AACAGGA»....CoCA;AGAGAATATTAAATTTAAACCACCAGGGAGAGGC7CAGAeCvAGAA 

h},St>7ts:*rKA*GF  GSLt  E 

7r«»c  _ 2>:c 

GTAACATACATCTGGACTAACTGCAGAGGAGAATCTrTCTACTGCAACATCA - -juTTC 

V->l'W7KCPGESLYC»iKT*.r 

->1A(  "*SC 

C7C  AATTGGOTAGAGAACAGGACGGGTCAGAAAC  AGCGTAATTATGCACCGTGCCG'"*"'1 

C  N  w  EK  At  £•  ,  K.t-K 


AGGC  AA AT A ATT  AAT  A  C  CTGG  Z A  C AGGG7 AGGG AA AAA777 AT  ATTTG  C  7TC  C  C  AGO  GAA 

f.  c  :  :  n  7  v*  h  >■  v  c  »  ^  ;  y  :  t  i  r  r 


GGGGAGTTGArCTGCAACTC  AACGGTGACC  AGC  AT  AA7TGCC  A AC  A . . GATGCGGGAGA7 
GE.  ITCAbTNT?:  I  ANlCAG' 

7b)£  _ ~>' 

CAAACAAAT A7TACCTTTAG7GCA GAGGCGGCAGAACTATACCGA  .  .  GGAA  .  .  GGv>t»v». 
C7K:7fSAlAAEI.YKl.E-» 

7f9C 

TACAAA77AG7AGAAA7CACACCAA7TGGC77CGCACC7ACA7CAGTAAAGAGA7Arrrr 
Y  A  L  V  E  3  7  F  !  G  F  A  T  7  S  V  K  A  V  S 

7690  Hat 

7CTGG7C  A:C  AGAGACATACAAGAGGTGTG77TG7GC7AGGG7TCCTAGC-T77TC7CGC  A 
S  A  H  ;  R  H  7  A  G  V  F  V  L  G  r  L  G  f  L  A 

771C  '  '<C 

ArAGGAGGrrCTGCCATGGGCGCGGCGTGrrrGACGCTGTCAGCTCAGTCTCGGArTrrA 

7AGSAKGAASLTLSACSR71. 

r?7t  HOC 

77GGCCGGG  A7AG7GO  AGC  AACAGG  AAC  AGOTG77G".  A7G7GCTC  AAGAGAC  AAG  AAoAA 

1  A  G  :  V  C  g  c  c  V  5.  L  t  v  V  K  F  :  C  E 

763C  “AtC 

A7G77CCGAG7GACCG7C7GGGGAACAAAAAA7C7CCAGGCAAGAC7CAC7CC7A7AGAG 
M  L  F  L  7  V  W  G  7  K  K  L  C  A  F  V  7  A  :  E 

7  89C  “9:c 

AAGTACC7AAAGGACCAGGCGCAGCTAAA77CATGGGGA7GTGCGTT7  AGACAAGCTTGC 

KY^KCCAt  LNSw  GCArKCVC 

795C  "ofC 

CACACTTCTOTACCATGGCTAAATGATACCTTGACACCTGATTCGAACAATATGACGTGG 

H  7  S  V  F  w  V  N  D  7  l  7  P  C-  w  K  N  K  7  v 

801C  PC4C 

CAGGAA7GGGAACAAAAAG7CCGC7ACC7GGAGGCAAA7A7CAC7CAAAG7C7AGAACAA 

CEWE&KVFYLtASlSCSLEC 

8C7C  6100 

GCACAAA77CAGCAAGAAAAGAA7A7G7A7GAGC7AC AAAAA7TAAA7AGC7CGGA7C7T 
A  0  :  c  C  t  K  K  K  Y  E  L  c-  K  L  N  S  w  G  v 

81  3C  f 1 60 

TTTACCAATTGGCTTGACTTCACCTCCTGGGTCAGGTATATTCAATATGGAGT'TTATGTA 
rTNWLDFTSWVFYIOYGVYV 

8190  6020 

G7ACTAGGAATACTAGCTTTAAGAA7ACTAATATATATACTACAGATC7TAAGTACACTT 

v  v  g  :  v  a  i  r  :  v  i  y  x  v  o  r.  i  s  f  l 

8  25C  6?8C 

AGAAAGGGC7ATAGGCC7GTTT7CTCT7CCCCCCCCGG7TACA7CCAACAGA7CCATA7C 

RKGYRPVFSSPPGYICCOH: 

e31C  6  34C 

CACAAGGACCAGGAACAGCCAGCCAGAGAAGAAACAGAAGAAGACG7TGGAAGCAACGG7 
HKECE&PAF  EE7EEDVGSKG 

837C  6400 

GGAGACAGA777TGGCCT7GGCCGA7AGCATA7A7ACA77TCCTGA7CCGCC7G77CA77 
GDRSWpWplAYIHFLIFLl.: 

A  4  3 C  6460 

CGCCTCTTGACCGGGCTATACAAC ATCTGCAGGGACTTACTATCCAGGATCTCCCCGATC 
R  IL7GLYK2  CROLLSPISPl 

849C  6920 

CTCCAACCAATCTTCCAGACTCTCCAGAGAGCACTAACAGCAATCAGAGACTGGCTGAGC 

l  c  f  :  fc  slcfalta:  f  d  w  l  r 
89  sc  Bbfc 

C77AAACCA.7  CC7ACC7CC  AG7ATGGC7C  CGACTGGATrCAAG  AAC.CCTTCCAAGC  CCTT 
IKAAYLCYGCEWICEAFCAL 
3  ORF  ►  K  G  A  S  G  S  K  F  F  S  K  P  L 

8610  6640 

GCAAGGACTACAAGAGAGACTCTTGCACGCGCGGGGAGAGACTTGTGGAGGGCGCTGCAA 

AF77FE7LAGAGFDLWRALC 

CGOCCRL^CARGETCCGFCN 
667C  8700 

CGAA7CG0GAGGGGGA7AC77GCAGTCCCACGAAGGA7CAGGCAGGGAGCAGAAC7CGCC 
ficfg:  i.  a  v  p  r  r  i  pcgaela 
ESGGGYLCSKEGFGREC  KiP 
87)C  ?  ^60 

C7CCTG7GAGGGAC  AGCGA7A7C  AGC  AGGGAGAVl’lTGTAAATACCCCATGGAGAACCCC 

L  L  <  ENV 

S  C  E  C  g  F  Y  0  0  C  D  T  V  K  7  P  V  F  7  P 

F790  8620 

AGCAGCAGAAAGGGAGAAAGAA77G7ACAAACAGCAAAA7A7GGA7GA7G7AGATC7AGA 
AAEFEF  ELYKCg  N  2  0  V  0  1.  D 

8890  6660 

7GATGA7GACCAAG7AGGA77CCCTG7CACACCAAGAG7ACCAT7AAGACCAA7GACA77 

ccocvorrv7PFVFLFpr'7r 

PPT  \ 

69101 - <> - *U3  6940 

CAAATTGCCAGTAGATATCTCTCATTTTATAAAAGAAAAAGGGGGACT&GAAGGGrTCTT 
ALAVCKShr  :  KEF  GGLEGcr 

8970  OCCC 

77A7AG7CAGAGAAGACA7AGAA7CT7AGAC77A7AC77AGACAAGGC':  I”-.  AC707G7A 
YSCFPHF:  LDLYLDRAF7  1Y 

9030  *060 

CCCAGAGGAA77TGGGCA7AAT7C  AGGAC7GC  0AGAGAAAGAC7GGAAGGCGAGAC7GAA 
PEEFGKFSGLPEFEWRARLK 


9C<»: 

AGCAAGGG3AATAC2 ATTTAGT7  AAAA A ; AGGA AC AGC7A7  ACTTGC 
A  F  C  :  f  !  b  <  3  0«F 

9 :  s : 

7A3r7AC7GAGAACAGCTGAGAr7GCAGGGAC7T7CCAGAAGGGGr 


912C 

iTC  AGGCC  AGGAAC 


91  8  C 

'GTAACCAGCAGAG 


Sr  1  Sc  1  Q  -  .  9 ;  4  C 

GGAC  A7G~C  AC.C.  AGC7GG7GGGGAA  rC*C  CT7C  ATACTTTCTGTAT  AAA7G7ACCCGCTG 

Sc  ’ 


oCTGGCAGATT 


CAGGTAGAGCC 


CCTGCTAGACTCTCACCA 


9  >  9 1  9  <  :  C 

CGCTOGGC  AG  A  CGGOTCC  A  CGCTTGCTTGCTT  AAAGACC7CTCAA7AAAG  773  2 A  ATT  A 

P  4M 

94  K 

G AAGC  AAG7T  A 


FIGURE  29:  The  Complete 
Nucleotide  Sequence  of  the 
HIV-2Nih-z  Genome. 

The  DNA  sequence  has  been 

organized  and  present  as  the  U5-R- 

gag-pol-middle  region-env-31  orf 

(nef)-U3-R.  The  translation  in  amino 

acids  of  all  major  open  reading  frames 

is  noted  underneath  the  nucleotide 

sequence.  This  sequence  has  been 

deposited  at  the  Human  Retroviruses 

and  AIDS  Database  in  Los  Alamos 

and  Genbank  (Accession  Number 

J03654). 
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HIV  1  CHTLV-HI B I 
STLVIII 
h,v'2roo 
HIV-2n,h.2 


133  [pi  I  V 
136  IP  V 
136  |p  V 

134  |p  V 


JqIm  T]qJg|q_m'vh'  q  ajJs  prt  lnawvkvve  e  KiAiTjs  p  j  e  v  1 1  |p|m[f]s|a  l  s  e  gia!t  p 
q[q  iggnyvhliplsprtlnawvkl  i  eekkfgaevvpgfqalsegctp 

;QHVGGNYTHI  PLSPRTIN  a[T|v  KLVEEKKFGAEVVPGFOALSEGCTP 

|p  vj  -  |q[q|v[a|g  n  y  t  h  i  p  l  s  p[g]t  l  n  a wv  k  l  v  e  e  k  k  f  g  a  e  v  v  p  g  f  q  a  l  s  e  g  c  t  p 


HIV-1  IHTLV-llIBI 

STLVIII 

mi^2roo 

2 


q|d j L jN | TjfVI  L  Nj Tj V  GIGjH  G  A  am  q|m  L  k( E i T j  1  N  E  E  A  A  E  WOjR  vjH  P 

V  H  AiG  pj  1  A  p|g  QlMjR  E 

V  D  1  N  QM  L  N  C  V  G  D  H  Q  A  A M Q  1  1  Rioj  1  1  N  E  E  A  a[oW d[lIq  H  P 

-  q:p|A|p  o  qIg  Q  l  r  e 

ydinqmlncvgdhqaamqi  irei  ineeaaewdvqhp 

-ji  pgplpagqlre 

ydinqmlncvgdhqaamqi  irei  ineeaaend  v[a]h  p 

-|l  PGPLPAGQLRE 

HIV-1  (HTLV-IIIBI 

P  R  G  S  D 

A  G  T  T  S  T|L  Q|E  Q 

[gJwm 

-  -  N  N  p[p 

y[r'|Q|q  n  p 

1 

p  v  gIe) 

Y  K  R  W  1  j_l_ 

L  G  l)n|k j  1  (V  RM  Y 

STLV11I 

p[s)g  s  d 

A  G  T  T  s[sjv  D  E  Q 

Q  WM 

i 

P  V  G  N 

Y  R  R  W  1  Q 

L|r|l  Q  K  C  V  RM  Y 

HIV-2„00 

P  R  G  S  D 

AGTTSTVEEQ 

Q WM FRPONP 

V 

P  V  G  N 

YRRWIQ 

IGLQKCVRMY 

HIV-2nim.z 

P  R  G  S  D 

AGTTSTVE  EG 

Q WM  F  R  P  Q  N  P 

V 

PVGN 

Y  R  R  W  1  Q 

i|glqkcvrmy 

HIV-1  (HTLV-I1IB) 
STLV  Ill 
HIV-2R0D 
HIV-2nim2 


s[p~t]s|  I  L  D  ||r|QG  P  K  £  P  FIR  d|y  V  D  R  F  Y  kItIl  R  A  E  qIa  S  Q  EjV  K  NWMT[eTtT|  I  |V  Q  N 
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FIGURE  30:  Comparison  of  the  Major  Core  Proteins  of  HIV-1,  HIV-2,  and 
SIVmaC- 

Tiie  amino  acids  of  the  major  core  proteins  (p24  -  p28)  of  the  HIV-1,  SI\;,  and  HIV-2  retroviruses 
were  aligned.  The  boxed  regions  indicate  amino  acids  that  are  identical  among  all  four  viral  £ag 
proteins. 
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FIGURE  31:  Comparison  of  the  Major  Core  Proteins  of  HIV-1,  SIV,  EIAV,  and 
VISNA  Retroviruses. 

The  amino  acids  of  the  major  core  proteins  of  HIV-1,  SIV^AC-  EIAV,  and  VISNA  retroviruses 
were  aligned.  The  boxed  regions  indicate  amino  acids  that  are  identical  among  all  four  viral  gag 
proteins. 
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:  ^TCirr  r  tggc  ag  AoocTGCic  *g  atto*gcc  rroGOAdGrtr:  rrc :  *g  r  * -~r  agc  ag 


«c  ;;c 

CCTGGCTGTTCCCTGCTAGACTrTCACC AGC  A'TTGGCCACTGCTGGC  AGAGTG 


'“TC  .  ACGrTTGrTTGTTTAAAGACCTTTTCAATAAAGCTGCCCAT’.TT  AOAACTAAGCC 


ASTGTCTrrrcCCATCTrTCCTAGTCGCCGCCTGGTCAACTCGGTArrrGCTAATAAGAA 


;TCTCTT AGO ACC GTTTCTGCTTTGGG AAAC CG  AA&r AGGAAAATCCCT  AGC A 

—  t*NA  hrlJ  *  ~  <  *4**<J«*  *»ou*oc» 

no  ifec 

r  GC  C  C  G  A  A  C  AGO  ACTTG  AAGG  AG  AGTGAG  AAG  AArrCrTGAGTACGGCrTGA 


nc  «2C 

GTCAAGGCAGTAAGGGCGOCAGGAACCAACCACGACGGACTGCTCCTATAAAv^CGCAGG 


4  SC  4  80 

TCGCTACCAGACGGCGTGAGGAGCGGCAGA&GAGGAGGCCTCCGCTTGCAGCTAAGTGCA 


310  S  4  C 

ACACAAAAjkAGAAATAGCTGTCTTGTTACCAGGAAGGGATAATAAGATAGAGTGGGAGAT 

H 

0*tf  I0t7l 

5  70  600 

GGGCGCGAGAAACGCCGTCTTGTCAGGGAAGAAAGCAGATGAATTAGAAAAAATTAGGCT 
GARhAVGSGAAAOtLLA  1*1. 

felt  6  fc  C 

ACGACCCGOCGGAAAGAAAAACTACATGTTGAAGCATGTAGTATGGGCAGCAAATGAATT 
RFGGK*KY’'LKHVVwaANE: 

690  720 

AGATAGATTTGGATTAGCAGAAAGCCTCTTGGAGAACAAJkGJkAGGATCTCAAAAAATArr 

vBrCLAESLLtNKtGCCF  I  L 

75C  78C 

rrCGGTCTTAGCTCCATTAGTCCCAACAGGCTCAGAAAATTTAAAAAGCCTTTATAATAC 
S.VLAFLVPTGSEH1.F  S  L  Y  h  T 

SIC  MO 

TGTCTGCGTCATCTGGTGCATTCACGCAGAAGAGAAACTGAAACACACTGAGGAAGCAAA 
V  C  V  1  w  C  1  K  A  E  E  V  ►  h  T  E  E  A  K. 

P7 c  9'C 

ACAGATAGTGCAGAGACACCTAGTGGTGGAAACAGGAACAGCAGAAArTATGCCAAAAAC 
C*  V  £  R  H  1.  V  V  E  7  G  T  AETKPfc? 

| -  024 

93C  a* 

aagtagaccaagagcaccatctagcggcagaggaggaaattacccactacaacaaa;agg 
SKPTAPSSGRGGNYFVCvIG 

990  1020 

TGCTAACTATCTCCACCTGCCATTAAGCCCGAGAACATTAAATGCCTGGCTa^a^TTOAT 

chyvhlplgprtlnawvkli 
lose  1080 

ACAGGAAAAGAAAT7TGGAGCAGAAGTACTGCCAGGATTTCAGGCACTGTCAGAAGGCTG 
tEKKFGAEVVpGF  £  A  L  S  E  G  C 

me  ;i40 

CACC’CCCTATCACAITAATCACaTGTTAAATTCTGTAGGACaCCATCAAGCGGCTATGCA 
T  P  V  0  :  N&MLKCVGGKC^AKC 

:;7c  :;oc 

GATTATCAGAGATATTATAAATGAGGAGGTTGCAGATTGGGaTTTGCAGCACCCACAACC 
:  :pd:  :neeaad*dlchfcf 


1 26C 

GAACAACTAG 


AGCTCCAC  AACAAGGACAGCTTaGGCAGCCGTCAGGATCAGaTATTGC  aggaacaactag 
A  f  GCGCLPEPOGSC  l  AGTTS 

::*c  13  2  0 

t: C  ACTAGA.TGAACAvAATCC ACTGGATC7AC AGACAAC AGAACCCC a? ACCACTAGG  <•  A 

r  v  o  e  c  :  o  w  r.  y  *  g  c  a  f  :  p  v  g  * 


-  *  TTT A  C AGGAGATGGA7CC  AACTGAGG7TGC  AAAAATGTCTC  AGAATGTATAACCC  AAT 

:  v  *  f  w  :  c  -  p  -  c  *  c  v  p  n  y  r  p  : 

14-.C  1  4  4  C 

AAACA7TCTAGATGTAAAACAAA:.GCCAAAAGA3CC  ATTTCAGAGCTATGTAGACAGCTT 
k  :  GDvF  tpprtPFcs  'iV  r-RF 

;47f  i soc 

CTAC  AAAAGCTTAAGAGC  AGAAC  AAAC  AGATGC  AGCAGTAAAG  AATTGGATGACTCAAAC 
Y  *  S1.RACCTCAAVRKWKTCT 

15)0  1S6C 

A  “rGCTGATTC AAAATC CT AACC C AG ATTG C AAGCT AGTGrTGAAGGGGCrGGGTCTGAA 

L-:c.kakpcc>  lvlaglgvh 

’590  1 fe  2  C 

TCCCACCCTAGAAGAAATG7TGACGGCTTCTC AAGGAGTA&&GGGACCAGGACAGAA&GC 
FTLL  EMLTACgGVGGFGgr.  A 

liSC  U AO 

TAGATTAATGGCAGAAGrCCTGAAAGAGGCCCTCCGACCACTGCCAACCCCTTTTGCAGC 
R  L  r  A  f.  A  1.  8  rALRFVFTPFAA 

f“  poi  1  «v#n  »•  p*»t 

;71C  2740 

AG'CC  AA  C  A  G  A  OGCOAC  C  AAGAAAGC  2  A  ATT  A  aGTGT"7GG  A  A7"TG7GGGAAGv#  AGGG  AC  A 
'C.RCPPrPlACWhCGREGH 
- (  VLELWEGG7 


'TCTGC  AAGG“  AATGCAGAGCCCC  aagaagac  agac.atgctggaaatgtgcaaaaatgga 
&ARCCRAPRRGRCWF  C  G  r  *•  D 
i.  C  R  AHCSFrrTEKLE^^F  ^G 
0**«ci  ■•Man  A  18)0  I860 

CC  ATGTTAT&GCC  AAATO'v.  L  C  AGACAGAC  A&GCAGGTTTTTTAGGCCTTGCTCCATGGGG 
hVMAH  CFCRCACFUGLGPWG 
F  CYGCF'PRCTGPFrppwspiG 


1B9C  1920 

AAAG  AAGCCC  C&C  AATTTCC  C  C  ATGGCTC  AAGTGC  ATC  AGGGGCTGAC  GC  C  AA  CTGCTC  C 
FAPRAfPHACSHtGLTPTAP 
A  E  A  P  f  F  PHGSSaSGADANC  S 
1 9  SC  1*80 

C  C  C  AG  AGO  AC  CC  AGCTGTGGATCTGCT  AAA&AACT  AC  ATGC  AGTTGGGC  AAGC  AGC  AGAG 
PEDPAVDLLARYHC'l.GRC’Q* 
PRGPSCGSARElHAVGQAAE 
20 1 C  2040 

AG  A  AAGC  AG  AG  AGAAGCCTT  A  C  AAGG  AGGTG  A  C  AGAGCA  TTTGCTGC  AC  CTC  AATTCTCT 
E  S  R  £  8  PYSEVTiCLLHiRSL 

RKCREALgGGDRGFAAPgrS 

9*3 - i  2070  2100 

CTTTGG  AGO  AGAC  C  AGT  AGTC  ACTGCTC  AT  ATTGAAGGA  C  AGC  CTCT  AGAAGT  ATT  ATTG 
F  &  G  C  C 

LtaRUPvVTAHl  EGGPVEVlL 
22)C  2140 

GAT  AC  A&GGGCTGAT&ATTCT  ATTGT  AAC  AGGAAT  AGAGTTAGGTCC  AC  ATT  ATACCCC  A 
DTGADDS1  VTGI  ELGPMYTP 

2140  222C 

AAAAT  AGT  AGO  AGG  AAT  AGG  AGCTTTT  ATT  AAT  ACT  AAAGAJkT  A  C  AAAAATGT  AGAAAT  A 

►  1VGG1GGF  iNTAEYRHVti 

2  2  SO  2280 

G  AACTTTTAGGC  AAAAGGATTAAAAGGAC  AATC  ATGAC  AQOG6AC  ACTCCGA7T  AAC  ATT 
EVLC.  RRlRRTlMTGDTPlKl 

I - *T 

2)10  2)40 

TTTGGT  AGG  AATTTGCT  AAC  AGCTCTOGGGATOTCTCT  AAATCTTCCC  A  T  *GCT  AAOOT  A 
FC  NLLTALGHSLKLPIARV 

2) 7C  2400 

GAGCCTCTAAAAGTCGCCTTAAAGCCAGGAAAGCTTGGACCA»AAATTGAAGCAcmiOCCA 

EPVRVAL8.PGPVCPR1.RCWP 

24)0  2440 

TT  ATC  AAAAG  AAAAG  AT  AGTTGC  ATT  AAG  AG  AAATCTCTG  AAAAGATGG  AAAAOG  ATOGT 
LSAEP.  IVALRtlCERhlP  OG 

2490  2S20 

CAGTTGGAGGAAGCTCCCCCGA  CAATCCATACAACACCCCCACATTTGCCAT^AAGAAA 
OLEEApPTHPYhTPTFAlRR 

2SSC  2SI0 

AAAGATAAGAACAAATGGAGAATGCTGATACATTTTAGGGAACTAAATAGGCTCACTCAG 
RCRH8WRHLIHFRELKRVTC 

2610  2440 

GAACTTTACAGAAGTCC  AATT  AG  AAT  ACC  AC  ACCCTGC  AGGATT  AGC  AAAAAOG  AAAAOG 
ELYRSPJRI  PHpACLARRRR 

267C  270C 

ATTACACTACTG-jATATAGCTGATGCATATTTrrCCATACCTCTAGATGAAGAATTTAGG 
I  T  V  L  C  I  “  YFSJPLDEtFIt 

■J30  2740 

CAGTACA'-T  ..  .-AU-.TA  V.CACTAAATAATGCAGAGCCAGGAAAACGATACATT 

r  iaftlpsvkkaepgrryi 

2790  2S2C 

T AT AAGCTTCTGC  CTC AGGG ATGG  AA&GGCTC A cc AG C C ATCTTC C AAT A C ATT ATG AG A 
YKVLPgGWRGSPAI  rgYTHR 

28S0  2880 

T-TC  •r>: »■ G  A  A  r  CCTTC  AGG  AAGGC  AAATC  C  AG  ATC7G  AC  CTT  ACTCC  AGTAT  ATGCAT 

n  r  r  "  r.  a  n  p  d  v  t  l  v  o  y  n  v 

2910  2940 

G AC ATCTT AAT AG CT A CTG A c AGG AC AG AC CTGG  AAC ATG A C AGGGT AGTTTT AC AGCT  A 
D  I  LIASCRTDLEHDRV'VLQI. 

2970  3000 

AAGGAACTCTTAAATAGCATAGGGTTCTrrACCCCAGAAGAGAAATTCCAAAAAGATCCC 
F  ELLHSICFSTPEEF.  FCFDP 

30)0  3060 

C C ATTTC AATGGAT&GG 3T A C G AATTGTGG C C G A C  AAAATGG AAGTTGC AAAAG AT AG AG 
PFCWKGYELwpTFWFLgFIE 

3090  3120 

TTGCCACAAAGAGAGACCTGGAC  actc aatg atatac agaagttactaggactfttaaat 
lfcret«tvnc:c^i.vgv^n 

31S0  3180 

TGGGCAGCTCAAATTTATCC  AGGTAT  AAAAACCAAACATCTCTCTAGCTTAATTAGAGGA 
V  A  A  C  :  Y  f-  G  1  KTAHLCRLIRG 

3210  3240 

AAAATGACTCTAACAGAGGCAGTTCAGTGCACTGAGATGGCAGAAGCAGAATATGAGGAA 
KMTLTCAVgwTErAEAEYCE 

J  ? 70  3  30C 

AAT  AAT  AT  AATTCTC  A  CT  C  AGG  AAC  AAG  AAGG  ATCTT  ATT  A  C  C  AAG  AAGC.C  AAGC  C  ATT  A 
NNl  1  LSC  ECEGCYYCFGKPL 

)))C  3  3  6  C 

GAAGCCACCGTAATAAAGACTC AGGAC AATCACTGGACTT  AT AAAATTC ACC AAGAAGAC 
EATVlfcSQDKQwTYKS  H  ©  E  D 

3) 90  3420 

aaaatactcaaactaagaaaatttgcaaagataaagaatacacataccaatgcagttaga 

►  1  L  R  V  R  K  F  AR1  KNTH7NCVR 

3 *  SC  3480 

CT  ATT  AG  C  AC  ATCT  AATA  C  A  G  AAAATAGC  AAAGG  AAGC  AA  T  AGTG  A  TCCT  AGC  A  C  A  GGT  C 
LLAHVlQKIGREAlVIVCgv 

3S10  3  S4C 

CCAAAATTCCACTTACCACTTGAGAGCGATCTATGGCAACAGTOCTGGACAGACTATTGC 

rr.  fhlpverovvcc^^tcyw 

3S70  3600 

C AGCT AACCTGCATACCGCAGTGGGATTTT ATCTCAACGCC ACC ACT AGTAACaTTAGTC 
C  v  t  w  :  p  t  v  c  r  :  stfflvrlv 

36)0  lfcfcO 

TTCAATCTAGTGAAGGACCCTATAGAGCT  AGAAC.AAACCTATT  AT  AC  AGATGGATCATCT 
FNLVR  DPIEVCETYSTCGSC 

36  4  C  37>C 

AAT  AAAC  AGTC  AAAAG  AA  GCGAAAGC  AGCAT*TATC  AC  AG  ATA&C.GGCAAA&ACATACTA 
NRCSREGRAGYITDRGRO  JV 


Figure  32:  Nucleotide  Sequence  of  SIVh 
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8 


me  mo 

AAAGTCTTG  AC  AACTACTAATCAAC  AAGCAGAATTGGAAGC  AATTTATC  ATGGCATTGAA 
RVETTTAtC  AEEEAiYHCIE 

?810  3640 

GACTC  AGGGC  C  AAAG  AGAAAT  ATTATACTAGAATTAC  AAGT  ATGTT  ATGGGAATAATAAC 
0  S  G  F  •  RAJ  I  V  t  L  C  V  C  V  G  K  K  h 

)67C  390C 

ACCTTCrCTACAGAATCACAGAGCAGGCTACTTAACCAAATAATACAA&AAATC.ATTAAA 
RrFTESESRLVNCl  IttMSA 

)vie  3*60 

G7C  AGGC7T7 ATG7  AGC ATGGC7  ACC  AGC  ATT  AGAAGCT AT  AGGaGGAAAC  C  AAGAAAT  A 

V  R  V  V  V  a*>  \  F  A  C  L  G  2  G  G  K  (  El 

399C  4020 

GCTCC  A  CT  ACTT  AGTC  AGGCGTTT  AG  A  C  AACTT  CT  CTTCTTGC  AAAAG  AT  A  G  AG  C  C  AG  C  A 
GPIVSg&ffcOVLFLtAl  E  P  A 

40SC  4080 

CAAGAAGAACATG  ataaataccatagtaatgtaaaagaattggtattcaaatttggatta 
C£  E  M  D  ►  v  H  S  N  V  ►.  CEVFRFGL 

4120  4140 

cccagaatagtggccagacagatactagacacctgtgataaatctcatcagaaaggagaa 
PPIVAPCIVDTCDRCHQA  GE 

4170  4200 

GOT  ATAC  ATGGG  C  AGGT  AAATTC  AG  ATCT  AGGG  ACTTGGC  AAATGG  A  CTGT  ACCC  ATCT  A 
A  1  HGCv»*S£lLGTWC«DCTHL 

42)C  4280 

GAAGGAAAAATAGTCATAGTTGCAGTACATGTAGCTAGTGGATTCATAGAAGCAGAAGTA 

e  g  r  :  v  ;  v  a  v  h  v  a  s  g  r  i  eaev 

4  29C  4J2C 

A  TTC  C  AC  AAG AG AC AGGAAGAC AGO ACT  ATTTC  CTGTT AAAATTGGC  AGGC  AG ATGGC  CT 
IPCETGRCHYFLLXLAGRWP 

4  3 SC  4 )8C 

T  A  TTT  A  C  AC  ATCTAC  AC  AC  AC  ACT  AATGGTGrr  AA  CTTTGC  ATCGC  AAG  AAGTAAAG  ATG 

V  t  H  I  YTHSHGANFASpEVAH 

44 1 C  4440 

GTTACATGGTGGGCAGGGATAGAGGCACACCTTTGGGTACCATACAATCCACAGAG7CAG 

V  T  w  V  A  G  1  E  A  H  L  *  V  P  Y  N  P  Q  S  C 

4470  4  SCO 

GGACTAGTGGAAGCAATGAATCACCACCTGAAAAATCAAATAGATAGAATCAGGGAACAA 
CVVEAKNHHLKNCI  DP  1  R  E  C 

4S3C  4S60 

G  ;  AAATTC  ACTAGAAACCATAGTATT  AATGGC  AGTTC  ATTGC  ATG  AATTTT  AAAjASAA^J 

ansvetivlhavnchnfrfr 

porypu'>n« 

4590  46 JO 

OACGAATACGGGATATGACTT. . AGCAGAAAGACTAATTAAC A7GATCACTACAGAAC AA 
CGIGCMTPAERLINHITTtQ 
t'«C! 

46S0  4680 

G  AAA  T  A  C  AA  TTTC  AA  C  AATC  AAAAAA  CTC  AAAATTT  AAAAArrrrCGGCTCTA  TT  AC  AGA 
El  C'rOOSRHSRFKRFRVYYR 

4710  47«0 

GAAGCCAGAGATCAACTGTGGAAGGGACCCCCTGAGCTATTCTGGAAAGGGGAAGGACCA 
EGRCCLWRGPGELLWKCEGA 

4770  4800 

ctcatcttaaaggtagggacacacattaagctagtacccagaagaaaggctaaaattatc 

VI  G  R  V  G  T  D  1  KVVPFPKARI  I 

PEERLRLS 
4830  4860 

AAAG ATT  ATGG A GG AGG AAAAG AGCTGG AT AG C AGTTC C C AC ATGG AGG ATACCGGAGAG 
R  D  Y  G  G  G  R  evdssshhedtge 

r.  IK  EEERRWIAVPTW  PIPER 
OOl  — H  4  B9C  49J0 

GC7AGACAC0TCGCATAGCCTCATAAAA7ATCTGAAATATAAAACTAAAGATCTACAAAA 
A  R  F  V  A 

LERWHSEI  ryexyktxdlck 
4  9  SO  498C 

cttttgctatgtgccccattctaagctcggatggccatgctggacctgcagcagactaat 

vcyvfhfkvgwawwtcsfv: 

5010  5040 

CTree C C C T A C AGG AAGG AA G r C ATTT AG AAGT AC AAGGGT ATTGGC ATTTG AC ACC AG A 
FPLOEGSHLEVCCYWHL7PE 

5070  5100 

AA  G  AGCCTGG  C  C  C  A  GT  A  CT7  ATG  C  A  GTG  AGG  AT  AAC  CTGCT  A  CTC  AAGGG  AC  CTTTTGGA 
PGWPSTYAVR  ITW  YSRDLLD 

5130  5160 

C  AC  ATCT  AAC  ACC  AG  ACT  ATGC  AGGC  AT’TTTTCCTGCATAGCACTTATTTCCCTCTTTAC 
fCV7PLC*HrsCJ*LlSLF7 

5190  5220 

AGCGGGAGAAGTGAGAAGGGCCATCAGGGGAGAACAACTGCTGTTTTOCTGC^ACTTCCC 
AGEVRRAI  PGEQELSCCRFP 

5250  5280 

G A G AG CTC AT A GGT A C C A GGT A C C AAGCCT A C ACT A CTT AGC A CT AAAAG7 ACT AAGCG A 
f  AhRYGVPStQYLALKVVSD 

5)10  5)40 

TCTC A G ATC C C AGGC AG AG AATCCC AC  CTGG AAAC AGTGG A G AAG AG AC  AAT AGCAGAGG 
VFSCGERPTWRQWRRORRRG 

5)70  5400 

C  CTTCG  AATGGCT  AAA  C  A  G  AA  C  ACT  AG  AGO  AG  A  T  AAAC  AG  AG  AGGCGGTAAAC  C  ACCTAC 
G  R  K  A  R  ORSPrDF  OPCGRPPT 

«x  —i 

54)0  5460 

C  AAGOGAGCTG  ATTTTCC  AGCTrTGG  C  AAA&CTCTTGGGAAT  ACTGGC  ATGATGAACAAG 
FCADFPGLARVLG1LA 

5490  5520 

GG*TCTCCTCCAACGAGCGCTCTTC  ATGC ATTTTAGAGGCGGATGC AACCACTCCAGAAT 


555C  5580 

CGGC  C  AA  C  CTGGGGG  AGO  AAA  TC  CTCTCTC  AA  CT  AT  AC  C  GC  C  CTCTTGAGGCCTGCTA7A 


Figure  32:  Nucleotide  Sequence  of  SIVMAC 


56  ic 

AC  AC  ATGCT  ATTCT  AAAAAGTCTTG  CT  AC  C  ATTGC  C  ACTTTTGTT 


5640 

CTTAAAAAGGGAT 


567  c  570C 

TGGGGATTTCTTATGAGC  AGTC  ACGAAAGAGAAGAAG  AACTCCGAAAAAGGCT  AAGGCTA 

( - ENV 

5’)C  5760 

A7AC  ATCTTCTGC  ATC  AAAC  AAGTAAGT  ATGGG  ATGTCTTGGGAATC  AGCTGCTTATC  GC 
Yifci*cvs*ccLG>-CL:;A 

*79:  se:: 

CATCTTGCTTl'.  AACTCTCTATGGGATCT  ATTGTACTC  AAT  ATCTC  A  CAST  CTTTT  ATGC 
ILLLSVY&JSCTCYVTvrSG 

58 SC  S  BBC 

TGTATCAGCTTGGAGGAATGCGACAATTCCCCTCTTCTGTGCAACCAAGAATAGGGATAC 
vPAKRNATIPLFCAT*  KRCT 

S91C  S94C 

TTGGGG  AAC  AA  CTC  AGTGCCT  AC  C  AG  AT  AATGGTG  ATT  ATTC  AG  A  ATTGG  C  C  CTT  AATGT 
WGTTCCLPCKGE  YSELALKV 

S970  6000 

TACAGAAAGCTTTGATGCTTGGGAGAATACAGTCACAGAACAGGCAATAGAGGACGTATG 
TESFDAWENTVTEtAl  E  0  v  * 

60 )C  606C 

GC  AACTCTTTGAG  AC  CTC  AAT  AAAGC  CTTGTGT  AAAATT  A  TCCCC  A  TTATGC  A  TT  A  CT  AT 
QLFETSlAFCVXLSPLCXTH 

609C  6120 

GAGATGCAATAAAACTGAGACAGATAGATGGGGATTGACAAAATCATCAACAACAATAAC 

rckrsetdpwgltrsstt:  t 

6 1  SC  6160 

AACAGCAGCACCAACATCAGCACCAGTATCAGAAAAAATAGACATGGTCAATGAGACTAG 
TAAPTSAPVSER1  D  *  V  N  E  7  S 

62 2  C  6240 

TTCTTGT  ATAGCTC  AG  AAT  AATTGC  AC  AGC  CTTGG  AA  C  AAG  A  GC  AAATG  AT  AAGCTGT  AA 
SCIACHNCTGLEOtCWlS-CK 

1 270  6  30C 

ATTCACCATGACAGGGTTAAAAAGAGACAAGACAAAGGAGTACAATGAAACTTGGTACTC 
FTHTGGRRCRTREYNETWYS 

63)0  6360 

TACAGATTTGGTTTCTGAACAAGGGAATAGCACTGATAATGAAAGCAGATGCTACATGAA 
TDtVCEOCKSTDhESFCYMH 

6390  6420 

TC  ACTGTAAC  ACTTCTCTTATCC  AAC  ACTCTTGTGAC  AAAC  ATT  ATTGGGAT  ACT  ATT  AG 

hcntsvioesccrhywct:  r 

6  4  SO  6480 

ATTT  AGGT  ATTCTC  C  AC  CTCC  AGGTT  ATG  CT7TGCTT  AG  ATCT  AATG  AC  AC  AAATT  ATTC 

FRYCAPPGYAGLRCNE7KYS 

651C  €540 

AGGCTTTATGC  CTAAATGTTCTAAGGTGCTGCTCTCTTC  ATGC  AC  AAGG  ATG  ATGG  AG  A  C 
GrMPXCSKVVVSSCtRMKET 

6570  6600 

ACAGAC7TCTACTTGGTTTGGCTTTAA7GGAACTAGAGCAGAAAATAGAACTTATATTTA 
0TSTWFGFKGTRAEKRTY1  Y 

6630  6660 

CTGGC ATGCT  AGGG AT AAT AGG A  CT  AT  AA7T  AGTTT  AAAT  AAGT  ATT  AT  AATCT  AA  C  AAT 
WHGRDR  RTl  1  SLNKYYNG7K 

6690  6720 

GAAATCTAGAAGACCAGGAAATAAGACAGTTTTACCAGTCACCA7TATCTCTCGATTOG? 

KCRRPCNKTVIPVTIHSGLV 

67SC  6780 

TTTCCACTCACAACCACTC  ACTGATAGGCC  AAAGC  AGGC  ATGGTGTTGGTTTGG  AGG  AAA 
rHSCPl-’CRPKCAfc'Cw  FGGX 

6810  6840 

ATGG AAGG ATG C AAT AAAAG AGCTG  AAA C AG A C C ATTCTC AAA C ATC C C AGCT AT A CTCC 

wkdaif.  evxctivxhprytg 

687C  690C 

aactaacaatactgataaaatcaatttaacggctcctggaggaggagatccggaagttac 

THKTDX2HL7APGCGPFEV? 

693C  6960 

CTTC  ATGTGC  A  C  AAATTG  C  AG  AGG  A  G  AGTTC  CTCT  A  CTGT  AAAATG  AATTGGTTTCT  AAA 
FMWTKCRGLFLYCXB'.  KWFLN 

6990  7C2C 

TTGGCT  AG  A  GG  AT  AGGG  ATCT  AACT  A  C  C  C  AG  AGG  C  C  AAA  GO  AA  C  GCC  AT  AG  AAGG  AATT  A 
WVEDRDVT7CFFXERHRRNY 

7050  708C 

CCTCCCGTGTC  AT  ATT  AG  AC  AAAT  AATC  AA  C  A  CTTGGC  AT  AAAGT  AGGC  AAAAATCTTT  A 
VPCMIR01  iHtWHXVGXHVY 

7110  7140 

TTTGCCTCCAAGAGAGGGAGACCTCACCTGTAACTCCACAGTGACCAGTCTCATAGCAAA 

LPPREGDL7CHS7V7SL2  AH 

7 1  7C  7  20C 

CATAGATTGGACTGATGG AAACC AAACTAGTATC ACC ATG ACTGC AC AGGTGGC AG AACT 
IOWTCCHOTSITPSAEVAEL 

72)0  7260 

GTATCG  ATT  A  G  ACTTGGG  AG  ATT  AT  AAATT  ACT  AG  AG  ATC  A  CT  C  C  G  A  TTGG  CTTGG  C  C  C  C 
YRGELGDYRLVE  3  TP3GLAP 

flotJO  I 

7260 

C  AC  A  G  ATCTG  AAG  A  GGT  A  C  A  CT  A  CTGCTGCC  A  C  CTC  AAG  AAAT  AAAAG  A| 

TCVXFYTTGG7SRNBR^Gvrv 

7  3  SO  7)80 

GCTAGGCTTCTTGGCTTTTCTCGC  AACGGC  AGGTT  CToC  AATGGGCG  CGGCCTCCTT  C  AG 

tGFEGrEATACSAHGAAS.FR 

7  4  2  C  7440 

GCTGACCGCTC AGTCCCGG ACTTT ATTGG CTOGGAT ACTGC  AGC  AAC  AGC AAC  AG  CTCTT 
LTACSRTLEAC3  VCCCCtfLG 


.CLAP 

70 1  go32 

|  7)20 

GApGGCTCTTTGT 
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7470  ?*,c: 

GGGCCTGGTC  AAG  AG  A  C  AAC  AAG  AATTGTTGCG  ATTGACCGTCTGCGG  AAC  AAA  C  AAC  CT 

gvvrrocelipetvwgtkn:. 

7^)0  7^fcC 

CCAGACTAGGGTCACrGCCATCGAGAAGTACTTAGAGGACCAGGCGCAGCTGAATGCTTG 
£  T  R  V  T  A  2  tA^LELOACLNAW 

7S9C  762C 

GGG ATGTGCGTTT AG AC  AAGTCTGC  C AC  ACTACTCTACC  ATGGC  C  AAATGC  AAGTCT  AA  C 
GCAFAgvCHTTvpWEHAStT 

76SC  760C 

ACC  ACACTGGAAC  AATGATACTTGGC  AAGAGTGGGAGCGAAAGGTTGACTTCTTGGAGGA 
FiwKNtTtotEta  ERAVDrLEE 

771C  7740 

aaatataacagccctcctagaagaggcacaaattcaacaagagaacaacatgtatgaatt 
hlTAiLLEAgiggtANMYEL 

777C  7800 

AC  AAAAGTTG  AAT  AGCTGGG  ATGTGTTTGGC  AATTGGTTTG  A  C  CTTGCTTCTTGGA7  AAA 
gALNSWDV  FGNWfDLAS*IK 

7830  7840 

GTATATACAAT  ATGG  AATTT  ATGT  AGTTCT  AGGAGT  AATACTGTT  AAG AAT  AGTG ATCT A 
YICVGIYVVVGVILLRIVIY 

7890  792C 

TAT  ACT  A  C  AAATG^r  AGCT  AAGTT  AA  GG  C  AGGGCT  AT  AGGCC  AGTCTTCTCTTCCC  C  ACC 
IvgHtAALRCGYRPVrsSFF 

79S0  7980 

CTCTTA7TTCCAGTAGACTCATACCCAACAGGACCCGGCACTGCCAACCAGAGAAGGCAA 
SyrC'THTQCDPALFTREGK 

8010  8C40 

AGAAGGAGACGGTGGAGAAGGCGGTGGCAACAGCTCCTGGCCTTGGCAGATAGAATATAT 
EGCGGEGGGhSSwPwg]  E  Y  I 

8070  8100 

TCATTTCCTGATCCGCCAACTGATACGCCTCTTGACTTGGCTATTCAGCAACTGCAGAAC 
H  T  L  1  R  C  L  :  R  LLTWLFSNCRT 

8130  8140 

CTTGCTATCGAGAGCATACCAGATCCTCCAACCAATACTCCAGAGCCTCTCTGCGACCC7 
i.  L  S  R  A  Y  g  2  UOFILCRLSATL 

3  oH 

8190  8220 

acgaaggattcgagaagtcctcaggactgaactgacctacctacaatatgggtggagcta 

RRIFEVLRTELTYLCYGWSY 

ptynhgca 
«2*>0  8280 

tttccatgaggcggtcc  aagccggctggagatctgcgacagaaactcttgcgggcgcgtg 
fheavcagwrsatetlagaw 
ISKRRSF.  FAGOLRQRLLRAR 

631C  8340 

gggag  actt  atggc  agactcttaggagaggtggaagatogatcctcgcaatccctaggag 

GCLWETIRRGGPWILAl  P  R  R 
GETYGRLLGEVEOGSS0SLG 

ENV— 1  8400 

G ATT AGG C AAGG ACTTG AGCTC A CGCTCTTGT AAGGG AC AG AAATACAATC AGGGGC ACT 
IRQGLELTLL 

GtGRDLSSRSCKGOKYNOGC1 
6430  8460 

AT ATG AAT A  CTC C ATGG AG AAA CC C AG CTG  AAG AAAAGG AAAAATTAGC ATAC AG AAAAC 
Y8NTPWRN  PAEERERLAYRR 

6490  8S20 

AAAAT ATGG ATG  AT AT AG ATG AGG AAG ATG ATG A CTTGGT AGGGCTATC AGTG AGGCC AA 
CNKBDZDCEDDDLVGVSVRP 

8S50  BS80 

aagttcccctaagagcaatgacttacaaattggcaatacatatgtctcattttataaaag 

KVPLRAK7YKLAXDHSMF2R 
h—  U3 

8610  8640 

aaaaggggggactggaagggatttattacagtgcaagaagacatagaatcttagacatgt 

E  F  GGLEGI  YYSAPPHRI  L  D  M 
pO'vDu'in*  ir*Cl 

8670  8700 

ACTTAGAAGGCATCATACCAGATTGCCAGGATTACACCTCAGGACCAGGAATTAGATACC 
Y  L  E  G  :  :  PDwgDYTSGFGl  RY 

8730  8760 

C AA A G A C A7TTGG  CTGG  CT  ATGG  AAA 77 AGTC CCTGTAAATGT ATC AG ATGAGGC AC AGG 
PFTFGWLWRLVPVNVSDEAO 

0790  8820 

AGG  ATG  AG  AGGCATTATTTAATGC  ACT  C  AGCTC  AAA  CTTCC  AA3TCGGATGACCCTTGGG 
ELEPKYEMgFAgTSKWDDPW 
3  O'*  — H 

6PSC  8880 

AGAGGTTCTGACGTGGAAGTTTGATCCAATTCTAGCCTACACTTATGAGGCATATGTTAG 
EPF 

09 :c  6940 

AT AC C C AG AAG A GTTTGG AAGC AA GTC AGGCCTGTC AG AGGAAGAGGTT AG AAG AAGGCT 


8970  9000 

AA  CC  G  C  AAG  A  GGC  CTT  CTT  AA  C  ATGG  CTG  A  C  AAG  AGGG  AAA  CTCGCTG  AG  AC  AGC  AGGGA 


9030  9060 

CTTTCC  AC  AAGGGG  ATGTTATGGGG  AGGAGCCGGTCGGGAACACCCACTTTCTTGATC^ 
U3 - I - R 

9090  9120 

X^AAT  ATC  ACTGC  ATTTCGCTCTGT  ATTC  AGTCGCTCTGGCAGAGGCTGGC  AGATTGAGC 

TATA 

BOX 

91  !>0  9180 

CCTGGGA&GCTCTCTCC  AGC  ACTAGCAGGTAGAGCCTGGGTGTTCCCTGCTAGACTCTCA 


9210  9240 

CC  AGC  ACTTGGC  C  AGTC  CTGGC  AG  AGTGGCTCC  ACGCTTGCTTGCTTAAAG  ACCTCTTC  A 

» - 1 

9/6C 

AT  AAAGCTGCCC  ATTT7  AGAAGTA 


FIGURE  32:  The  Complete 
Nucleotide  Sequence  of 
SIVmaC- 

The  DNA  sequence  of  the 
complete  provirus  genome  of 
SIVMAC  was  determined  using 
the  dideoxy  chain  termination 
method  of  Sanger  on  single  and 
double  stranded  DNA.  The 
sequence  has  been  numbered 
from  the  beginning  of  the  R 
region  at  the  5'  end  of  the 
provirus  to  the  end  of  the  R 
region  at  the  3'  end  of  the 
proviral  DNA.  The  major  gene 
regions  are  indicated  throughout 
the  length  of  the  sequence.  The 
translation  in  amino  acids  of  all 
major  open  reading  frames  is 
presented  underneath  the 
nucleotide  sequence. 
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BASE  COUNT 
ORIGIN 


3291 


1940  c  2396  g  2009  t 


1 

Aat cgctctg 

cgaaqaqgct 

gqcagattga 

gccctgggag 

gttctctcca 

gcact ageag 

mRNA 

,  -> 

R  rpt 

-> 

61 

gt aqagcctg 

ggtgttccct 

gctggactct 

caccagtgct 

tggccggcgc 

tgggcagacg 

121 

gctccacgct 

tgct tgctt a 

aaagacctct 

tAATAAAgct 

cccagt taga 

agcaagttaa 

<-  R  rpt 

181 

gtgtgtgttc 

coat ctctcc 

tagtcgccgc 

ctggtcattc 

ggtgttctcc 

tgagtaacaa 

241 

gaccctggt c 

t gtt aggacc 

ctt cttgctt 

tgggaaaccg 

aggeaggaaa 

at  ccct agea 

301 

ggttggcacc 

cgaacaagga 

ct tgaggaag 

actgagaagc 

ct tggaacac 

ggctgagtqa 

-  >  Ly  s 

-tRNA  pbs 

<- 

361 

a  ggca.^  t  uag 

ggcggcagga 

acaaaccacg 

aeggagtget 

ectagaaagg 

cgcaggccaa 

421 

agtaccaaag 

gcggcgtgtg 

gagcgggagt 

caaaaggcct 

ccgggtgaag 

gtaaqtacct 

481 

a  caccaaaa  a 

ct gt agccgg 

aaaaggct  tg 

tt atcctacc 

1 1 1  agacacg 

tagaagattg 

541 

tgggagATGg 

gcgcgaaaaa 

ct ccgtcttg 

agagggaaaa 

aggeagat ga 

at tagaaaaa 

lag  cds 

start  -> 

601 

attaggttac 

ggcccggcgg 

gaagaaaaaa 

tacagat taa 

aacatattgt 

gtgggcagcg 

661 

aatgaattgg 

acagattcgg 

att aacagag 

agcctgttgg 

agtcAAaaga 

aggttgccaa 

721 

aaaat tattt 

cagttttaga 

accatt agta 

ccaacagggt 

cagaaaattt 

aaaaagcctt 

781 

tat aa tact  a 

cctgcgtca t 

ttggtgcttg 

cacgcagaag 

agaaagtgaa 

agatactgaa 

841 

gaagcaaaaa 

gaatagtagg 

gagacat eta 

gtggcagaaa 

cagaaactgc 

agagaaaat g 

901 

ccaaatataa 

gtagaccaac 

agcaccacct 

aqcgggaaag 

ggggaaact  t 

ccccgtgcaa 

9  61 

caaataggcg 

gcaactatgt 

ccatctgccg 

ctaagtcccc 

gaaccctaaa 

tgcttgggta 

1C21 

aagttagtag 

aagagaaaaa 

gttcggggca 

gaagtagtac 

cgggatttca 

ggcactctca 

1081 

gaagactgca 

cgccctatga 

tattaat caa 

atgettaatt 

gtgtgggcga 

ccat caagea 

1141 

gcgatgcaaa 

t aat  cagaga 

aattat taat 

gaagaagcag 

cagactggga 

tgtacaacat 

1201 

ccaat accag 

gcccct tacc 

agcggggcag 

ctcagagat c 

cacgaggat c 

tgacatagea 

1261 

gggacaacaa 

gcacagtaga 

ggaacagatc 

gaatggatat 

ataggcaaqa 

aaatcctgta 

1321 

ccagtaggaa 

acatctatag 

qaeatgeat c 

caga taggac 

tgcagaagtg 

tgt cagaatg 

1381 

tacaatccaa 

ccaacattct 

agacataaaa 

caaggaccaa 

aagagtcgt t 

ccaaagctat 

1441 

gtggatagat 

tctacaaaag 

ettaagggea 

gaacagacag 

atgeageagt 

gaaqaattgg 

1501 

atgacccaga 

cgctgctagt 

gcaatcgaac 

ccagactgta 

agttagtact 

aaagggacta 

1561 

gggatgaatc 

ctaccttaga 

agagatgeta 

accgcctgtc 

aagggatagg 

tggaccaggc 

1621 

cagaaggcca 

gactaatggc 

agaageetta 

aaagaggcca 

tgcgaccagc 

ccctat ccca 

1681 

tttgcagcag 

cccaacagaa 

aagggcaatt 

aagtgttgga 

attgtgg aaa 

ggaagggcac 

1741 

tcggcaagac 

aatgccgagc 

gcctagaaga 

cagggctgct 

ggaaatgtgg 

caagteagga 

1801 

cacatcatgg 

caaactgccc 

agaTAGacag 

gctggttttt 

tagggcttgg 

accataggga 

pol  start  (NH2-terminus  uncertain) -> 

1861 

aagaagcccc 

gcaacttccc 

cgtggtccca 

agt tcgcagg 

ggctaacacc 

aacagcaccc 

1921 

ccaataqatc 

cagcagtgga 

cctactggag 

aagtacatgc 

accaagggag 

aaaacagaca 

1981 

gagcagacac 

aaagaccata 

caaagaagtg 

acagaggact 

tgctgcatct 

cgagcaagga 

2041 

cagacaccac 

acagagagac 

gacagaggac 

ttcctgcacc 

tcaattctct 

ct t tggaaa  c 

2101 

gaccagTAGt 

cacagcatac 

attgaggatc 

agecagt aga 

agttttact a 

gacacagggg 

2161 

2221 

2281 

2341 


<-  gag  ccs  end 

ctqacgactc  aat.agt.agca  cgaatagagt  Cagggaacaa  t-tat.agt.cca  aaaatagtag 
ggggaatagg  aggattcata  aataccaaag  aatataaaga  tgtagaaata  agagtgctaa 
ataaaaaggt  aagagccacc  ataatgacag  gtgatacccc  aatcaacatt  tttggcaqaa 
atatcctcac  agccttgggc  atgtcatCaa  atttaccagt  cgccaaaata  gaaccagtaa 


aagtaacatt 
a aa aa  a t  aga 


aagcgcctcc  aactaatccc  tataataccc  ctacatttgc  aattaagaaa  aagqacaaaa 
acaaatggag  gatgctgata  gattttagag  aactaaacaa  ggtaactcaa  gatttcacag 


2401 
2461 
2521 
2581 
2641 
2701 
2  /  61 
2821 
2881 
2941  tagctagtga 


aaagccagga  aaagatgggc  caaaacaaag  acaatggccc  ttaacaagag 
agcactaaga  gaaatctgtg  aaaaaatgga  aagagaaggt  cagctaaaag 


aggttcagtt 
tagatgtagg 
ca  ttactct 


aggaattcca  cacccagcag  gattagccaa  gaaaagaaga 
agatgcctac  ttttccatac  ccctatatga  ggattttaga 


gccatcagta 

taccacaggg  atggaagggg  tcaccagcaa 
aaccattcag  aaaagcaaac  ccagatgtca 
caggacagat 
3001  taaatggcct  gggattttcc 
3061  ggatgggcta  tgaactgtgg  ccaaccaaat 
3121  aggaagtatg  gacagttaat 


aacaatgcag  aaccaggaaa  aagatatata 
tttttcaata  cacaatgagg 
ttatcgttca  gtacatggat 
ttggaacatg  acaaagtagt  cctacagcta 
accccagacg  aaaagttcca  aaaagaccct 
ggaaattgca 


3181 

3241 


aaaaatacaa 

gacatccaga  aactagtggg  tgtcctaaac 
aaatctaccc  aggaataaag  accaaacact  tatgtaagct  aattagagga 
ccacggaaga  agtacagtgg  acagaattag  cagaagcaga  gctggaggaa 


attactgtgt 

cagtatactg 

tacaaaatct 

caagtcttag 

catatcttaa 

aaggaacttc 

ccataccaat 

ttcccccaaa 

tgggcggcac 

aaaatgacac 

aacaaaatta 


FIGURE  33:  The  Complete  Nucleotide  Sequence  of  HIV-2isy. 
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33C1  tcttaagcca  ggaacaggag  ggacactatt  accaagagga  aaaagagtta  gaagcaacag 

3361  ttcaaaagga  tcaagacaat  cagtggacat  ataaagtaca  ccagggagaa  aaaattctaa 

3421  aagtaggaaa  atatgcaaag  ataaaaaata  cccataccaa  cggggtcagg  ttgttggcac 

3481  aggtagttca  gaaaatagga  aaagaagcac  tagtcatttg  gggacgaata  ccaaaatttc 

3341  acctaccagt  agaaagagag  acctgggaac  agt.ggt.ggga  taactattgg  eaagtgacat 

3601  ggatcccaga  ctgggacttc  gtatccaccc  caccgttggt  caggttagca  tttaacctgg 

3661  taaaagatcc  tataccaggc  gcagagacct  tctacacgga  tggatcttgc  aataggcaat 

3321  caaaagaggg  aaaagcagga  tatataacag  atagaggaaa  agacaaagta  aggatattag 

3381  agcaaactac  caaccaacaa  gcagaattag  aaacctttgc  aatggcagta  acagactcag 

3841  gtccaaaagt  caatattgta  gtagactcac  agtatgtaat  gggaatagta  acagqccaac 

3901  cggctgaatc  agagagtaga  atagtaaata  aaattataga  agagatgata  aaaaaggaag 

3961  caatctatgt  tgcatgggtc  ccggcccaca  aaggcatagg  aggaaaLcaa  gaaattgacc 

4021  acttagtaag  tcagggcatc  agacaagtat  tattcctaga  gagaatagag  cccgctcagg 

4081  aagaacatgg  aaaatatcat  agcaatgtaa  aagaactagc  ccataagttt  ggattaccca 

4141  acctggtggc  aagacaaata  gtaaacacat  gtgcceagtg  ccaacaaaaa  ggggaagcta 

4201  tacatgggca  agtaaatgca  gaactaggca  cctggcaaat  ggactgcaca  cacttagaag 

4261  gaaaaatcat  tatagtagca  gtacatgttg  caagtggatt  tatagaagca  gaagtcatcc 

4321  cacaggaatc  aggaaggcaa  acagcactct  tcctattaaa  actggccagt  aggtggccaa 

4381  taacacactt  gcacacagat  aatggtgcca  acttcacttc  acaggaggta  aagatggtag 

4441  catggtgggt  aggcatagaa  caatcctttg  gagtacctta  caatccacaa  agccagggag 

4501  tagtagaagc  aatgaatcac  cacctgaaaa  atcagataga  aagaattaga  gagcaggcaa 

4561  atacaatgga  aacaatagta  ctaatggcag  ttcattgcat  gaattttaaa  agaaggggag 

4621  gaatagggga  Catgacccca  gtagaaagac  tagtcaatat  gatcaccaca  gaacaagaaa 

4681  tacaattcct  ccaagcaaaa  aattcaaaat  taaaaaattt  tcgggt.ct.at.  ttcagaaaag 

4341  gcagaaatca  actgtggcaa  ggacctgggg  agctactgtg  gaaaggggac  ggagcagtca 

4801  tagtcaaggt  agggacagat  ataaaagtaa  taccaagaag  aaaggccaag  atcatcagag 

4861  actATGgacc  aaggcaagag  atggatagcg  gttcccacct  ggagggt acc  agggaggatg 

vif  start-> 

4921  gagaaatggc  aTAGccttat  caagtatcta  aaatacagaa  caaaagatct  agaacaggtg 
<-  pol  cds  end 

4981  cgctatgttc  cccaccataa  ggtggggtgg  gcatggtgga  cttgcagcag  ggtaatattc 

5041  ccattaaaag  gaaacagtca  tctagagata  caggcatatt  ggaacctaac  accagaaaaa 

5101  ggatggctct  cctcttattc  agtaaaaatg  acttggcact  cagaagggtt  ctggacagat 

5161  gttaccccag  actgtgcaga  caccctaata  cacagcactt  atttctcttg  ctttacagca 

5221  ggtgaagtaa  gaagagccat  caggggagaa  aagtcattgt  cctgctgcaa  ttatccccaa 

5281  gcccataagt  ccaaggtacc  gtcactccaa  tttctggcct  tagtagtagt  acagcaaaAT 

vpx  cds  start  -> 

5341  Gacaaacccc  agagagacaa  taccaccagg  aaacagtggc  gaagaaacta  tcgaagaggc 
5401  cttcgattgg  ctagacagga  cggtagaagc  cataaacaga  gagocagtga  accacctgcc 
5461  cagggagctt  attttccagg  tgtggcaaag  gtcctggaga  tactggcaTG  Atgagcaagg 

<-  vif  cds 

5521  gatgtcacga  agctacacaa  agtatagata  tttgtgctta  atgcagaaag  ctgtgttcat 

5581  gcatttcaag  aaagggtgca  cttoccgggg  ggaaggacat  gggccaggag  ggtggagatc 

5641  aggacctccc  cctcctcctc  ccccaggttt  actcTAATGa  ctgaagcacc  agcagagttt 

<-  vpX  cds  end 
vpR  cds  start  -> 

5301  cccccggagg  atgggacccc  accgagggaa  ccaggggatg  agtgggtaat  aaaaattctg 
5361  agagaaataa  aggaagaagc  tttaaagcat  tttgaccctc  gcttgctaac  tcctcttggc 

5821  tactatatct  atactagacA  TGgagacacc  cttgaaggcg  ccagagagct  cattagggtc 
tat  cds  start  -> 

5881  ctacaacgag  ccctcttcac  gcacttcaga  gcaggatgtg  gccactcaag  aattggccaa 
5941  ccaaggggaa  gaaatcctct  ctcagctata  ccgaccccta  gaaacatgca  aTAAcaaatg 

<-  vpR 

6001  cttttgtaag  gggtgctgct  tccattgcca  gctglgtttt  ttaaacaagg  ggctcgggat 
6061  atgttATGac  cgaaagggca  gacgaagaag  gagtccgaag  aaaactaagg  ctcattcgtc 
rev  cds  start  -> 

6121  tcctgcatca  gacaaGTgag  tacaATGagt  ggtaaaattc  agctgcttgt  tgcctttctg 
(tat,  rev,  nef)  S'  sj  /\ 

env  cds  start  -> 

6181  ctaactagtg  cttgcttaat  atattgcacc  aaatatgtga  ctgttttcta  tggagtaccc 
6241  gtgtggaaaa  atgcatccat  tcccctcttt  tgtgcaacta  aaaatagaga  tacttgggga 
6301  accatacagt  gcttgccaga  c-.atgatgat  tatcaagaga  tacctttgaa  tgtaacaqag 
6361  gcttttgacg  catgggataa  tatagtaaca  gaacaagcag  tagaagatgt  ctggaatcta 
6421  tttgagacat  caataaaacc  atgtgtcaaa  ttaacgcctt  tatgtgtaac  aatgaactgt 
6481  aacgcaagta  cagagagcgc  agttgcaact  acaagcccat  ctggacctg a  tatgataaat 

FIGURE  33:  The  Complete  Nucleotide  Sequence  of  HIV-2isy* 
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€541  gatactgatc  cat.gcat.ac4  attgaacaat  tgctcaggac  tgagggagga  agacatggtc 

6601  gagtgtcagt  tcaatatgac  aggactagag  ttagataaga  aaaaacagta  tagtgaaacc 

6661  tggtactcaa  aagatgtggt  ttgtgaatca  gataacagca  cagaccgaaa  aagatgttac 

6721  atgaaccatt  gcaacacatc  agicatcaca  gagtcatgtg  acaagcacta  ttgggatgct 

£781  atgagattta  gatactgtgc  accaccgggt  tttgtcttgc  taaggtgcaa  tgataccaat 

6841  tactcaggct  ttgagcccaa  ttgctctaaa  gtagtagctt  ctacatgtac  aagaatgatg 

6901  gaaacgcaac  cttctacttg  gcttggcttt  aatggcacta  gggcagaaaa  tagaacatat 

6961  atctattggc  atggtaggga  taacagaact  attatcagct  taaacaaata  ttataatctc 

7021  accatact 1 1  gtaggagacc  agaaaataaa  acagttgtac  caataacact  catgtcaggc 

7081  cgcagatttc  actcccagaa  gatcatcaat  aaaaaaccca  ggcaagcatg  gtgccggttc 

7141  aaaggcgagt  cgagggaagc  catgcaggag  gtgaaacaaa  cccttgtaaa  acatcccagg 

7201  tataaaggaa  ccaatgacac  aaataaaatt.  aac tttacag  caccagaaaa  agactcagac 

7261  ccagaagtag  catatatgtg  gactaactgc  agaggagaat  tcctctattg  caacatgact 

7321  tggttcctta  attgggtaga  aaacaagacg  ggtcaacagc  ataactatgt  gccgtgccat 

7381  atagagcaaa  taattaatac  ctggcataag  gtagggaaaa  atgtatattf  gcctcctagg 

7441  gaaggagagt  tgtcctgcga  atcaacagtg  accagtatca  ttgctaacat  tgatgttgat 

7501  ggagataacc  ggacaaatat  tacctttagt  gcagaggtgg  cagaactata  ccgattggaa 

7561  ttgggggatt  ataaattagt  agaagtaaca  ccaattggct  tcgcccctac  agcagaaaaa 

7621  agatactcct  ctgctccagg  gagacataag  agaggtgtgc  ttgtgctagg  gttcctaggt 

7681  tttctcacga  cagcaggtgc  tgcaatgggg  gcggcgtctc  tgacgctgtc  ggctcagtct 

7741  cggactttat  tccgtgggat  agtgcagcaa  cagcaacagc  tgttggacgt  ggtcaagaga 

7801  caacaagaaa  tgttgcgact  gaccgtctgg  ggaactaaaa  acctccaggc  aagagtcact 

7861  gctattgaga  agtacctagc  agaccaggcg  cgactaaatt  catggggatg  tgcgtttaga 

7921  caagtctgcc  acactactgt  accatgggta  aatgacacct  taacacctga  gtggaacaac 

7981  atgacatggc  aagaatggga  acacaaaatc  cgcttcctag  aggcaaatat  cagtgagagt 

8041  ttagaacagg  cacaaatcca  gcaagaaaag  aatatgtatg  agctgcaaaa  gctaaatagc 

8101  tgggatgttt  ttggcaattg  gtttgactta  acctcctgga  tcaagtatat  tcaatatgga 

8161  gtcatgatag  tagtaggaat  agtagctctc  agaatagtaa  tatatgtagt  acaaatgcta 

8221  agtagactta  gaaagggcta  taggcctgtt  ttctcttccc  cccccggtta  tattcaacAG 

3 '  s  j  /  \ 

8281  atccatatcc  acaaggactg  ggaacagcca  gacagagaag  aaacagaaga  agacgttggg 

8341  aacgacgttg  gaagcagatc  ctggccttgg  ccgaTAGaat  atatacattt  cctgatccgc 

<-  tat  cds  end 

8401  ctgctgatcc  gcctcttgac  cagactatac  aacagctgca  ggcacttact  atccagactc 

8461  tacctgatcc  tccaaccact  cagagactgg  ctgagactca  aggcagccta  cctgcagtAT 

nef  cds  start  -> 

8521  Gggtgcgagt  ggatccaaga  agcgttccag  gccctcgcga  gggrttacaag  agagactctt 

8581  acgagcgcgg  ggaggagctt  gtggggggct  ctgggacgaa  tcggaagggg  gatactcgca 

8641  gttccacgaa  ggatcaggca  gggagcagaa  attgccctcc  tgTGAgggac  agagatatca 

<-  env  cas  enc 

8701  gcaaggagac  tttaTGAata  ccccatggag  aaccccagca  acagaaaagg  aaaaagaatc 
<-  rev  cds  end 

8761  gtacaggcaa  caaaatatgg  atgatgtaga  ttcagatgat  gatgacctag  taggggtctc 

8821  tgacacatca  agagtaccat  tgagagcaat  gacatataga  atggcagtag  acatgtcaga 

8881  tttaataaaa  gataaggggg  gactggaagg  gatgtattac  agtgagagaa  gacatagaat 

3'  LTR  -> 

8941  cctagacata  tacttagaaa  aggaagaagg  gataattcca  gattggcaga  actatactca 
9001  tgggctagga  gtaaggtacc  caatgttctt  tgggtggcta  tggaagctag  taccagtaac 

9061  tgtcccacaa  gaaggggagg  acactgagac  tctctgctta  atgcactcag  cacaagtaag 

9121  cagatttgat  gacccgcatg  gggagacact  agtctggaag  tttgacccca  tgctggctca 

9161  tgagtacacg  acctttattc  tatacccaga  ggaatttggg  cacaagtcag  gaatggaaga 

9241  agatgactag  aaggcaaaac  tgaaagcaag  agggatacca  tttagtTAAa  aacaggaaca 

<-  nef  cds  end 

9301  accatacttg  gtcaggacag  gaagtagcta  ctgaaaacag  ctgagactgc  agggactttc 

9361  cagaaggggc  tgtaaccagg  ggagggacat  gggaggagct  ggtggggaac  gccctcatac 

9421  tttctgTATA  AAtgtacccg  ctgctcgcat  tgtattcagt  cgctctgcgg  agaggctggc 

signal  ->  R  rpt  -> 

9481  agattgagcc  ctgggaggtt  ctctccagca  ctagcaggta  gagcctgggt  gttccctgct 
9541  ggactctcac  cagtgcttgg  ccggcgctgg  gcagacggct  ccacgcttgc  ttgcttaaaa 
9601  gacetcttAA  TAAAgctgcc  agttagaagc  aagtta 

signal  ->  <-  mRNA 

<-  R  rpt 

FIGURE  33:  The  Complete  Nucleotide  Sequence  of  HIV-2isy> 

The  DNA  sequence  of  the  provirus  was  determined  using  the  dideoxy  chain  termination  method  of 
Sanger  on  double  stranded  DNA  and  the  chemical  modification/cleavage  method  of  Maxam  and 
Gilbert  The  major  coding  regions  are  indicated.  This  sequence  was  copied  from  the  Human 
Retroviruses  and  AIDS  database,  1990.  (Accession  Number  J04498). 
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FIGURE  34:  Identification  of  Variable  and  Conserved  Regions  in  the  Envelope 
Proteins  of  SIV  and  HIV-2. 

This  figure  represents  a  comparative  analysis  of  the  envelope  proteins  of  HIV^Nm.z,  HrV-2R0D  and 
STLV-m  (SIV by  amino  acid  alignment  The  left  portion  of  this  figure  represents  the 
extracellular  envelope  proteins  while  the  right  portion  contains  the  transmembrane  portion  of  the 
envelope  proteins.  The  amino  acid  sequence  of  the  HTV-2kih.z  envelope  gene  is  reported  as  a  line 
indicating  a  perfect  match  in  amino  acid  sequence  while  the  dotted  line  stands  for  the  lack  of  the 
amino  acid.  The  boxes  include  regions  (ECR:  envelope  conserved  regions)  which  match  well  and 
exhibit  only  conservative  amino  acid  changes  with  respect  to  the  HTLV-IIIB  strain  of  HTV-1.  The 
dotted  ovals  indicate  highly  conserved  cysteine  residues  in  both  HTV-2  isolates,  SIV  (STLV-III) 
and  HTV-1  (HTLV-IIIB).  The  empty  ovals  indicate  cysteine  residues  that  are  conserved  only  in  the 
West  African  viral  isolates  and  STLV-III.  The  location  of  the  termination  codon  in  the  STLV-in 
transmembrane  envelope  protein  is  indicated. 
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FIGURE  35:  Schematic  Representation  of  the  Envelope  Proteins  of  SIVMAC  and 
Percentage  of  Amino  Acid  Conservation  with  other  Viral  Isolates  Before  and  After 
the  Premature  Stop  Codon. 

A  schematic  representation  of  the  transmembrane  region  of  the  envelope  protein  is  presented  and 
the  overall  percentage  of  homology  between  SIVmac  and  both  HTV-2  and  HIV-1  is  provided. 
Underneath  the  line,  the  homology  between  each  viral  transmembrane  protein  and  the  SIV 
transmembrane  protein  is  represented  before  and  after  the  stop  codon. 
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FIGURE  36:  Amino  Acid  Alignment  of  Other  Viral  Proteins. 

TTre  amino  acid  sequence  of  the  HIV-2\qH-Z  I£Y,  tat  and  vjir  proteins  is  represented  in  the  top  line 
of  each  panel.  The  continuous  line  represents  matching  amino  acids  among  the  viral  isolates  The 
boxes  include  regions  which  are  conserved  in  HIV-1  (HTLV-IIIB). 
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FIGURE  37:  Analysis  of  the  HIV-2  vpx  Gene. 

The  right  panel  of  the  figure  represents  a  SDS/PAGE  gel  of  total  E.  coli  proteins  stained  with 
Coomassie  blue.  Lanes  1  to  3  contain  protein  lysates  from  E.  coli  transfected  with  the  vpx  (X-orf) 
of  HIV-2nih-z  in  the  REV  expression  vector.  As  a  negative  control  E.  coli  were  transfected  with 
the  REV  vector  (Lane  4).  A  specific  band  with  a  relative  migration  corresponding  to  a  molecular 
weight  of  approximately  17  Kd  is  indicated  by  an  arrow.  The  left  part  of  die  figure  represents  an 
autoradiogram  of  a  Western  blot  performed  on  the  total  E.  coli  protein  lysate  containing  the 
recombinant  vpx  (X-orf)  with  human  sera  from  HIV-1  and  HIV-2  infected  individuals,  normal 
human  serum  (NHS),  monkey  serum  from  an  animal  infected  with  SIV,  and  mouse  monoclonal 
antibodies  (BH8)  directed  against  the  vector  epitopes  which  are  located  at  the  amino  terminus  of  the 
recombinant  protein  and  a  mouse  antibody  control  (C).  The  arrow  indicates  that  the  17  Kd  band 
reacts  with  the  HIV-2  positive  human  sera.  The  recombinant  protein  for  vpx  was  analyzed  by 
immunoblot  using  sera  from  HIV-1  and  HIV-2  seropositive  humans,  SIV  seropositive  monkeys, 
and  normal  human  control  sera.  The  17  Kd  band  was  recognized  by  42%  of  the  HIV-2  infected 
human  (table  above)  and  none  of  the  others. 
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FIGURE  38:  The  SIV  Genome  and  the  Regions  used  to  make  Synthetic  Peptides. 
The  upper  part  of  the  figure  represents  the  genome  of  SIV  along  with  the  relative  positions  of  the 
various  genes.  The  position  of  the  termination  codon  in  the  transmembrane  portion  of  the  envelope 
is  indicated  by  the  arrow.  The  lower  part  of  the  figure  shows  the  hydropathy  profile  of  the  region 
after  the  termination  codon.  The  dotted  areas  are  hydrophilic;  whereas,  the  clear  areas  are 
hydrophobic.  The  darken  areas  are  regions  used  for  PT-1  and  PT-2  peptides. 
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FIGURE  39:  Western  Blot  Analysis  of  Sera  Obtained  from  Rhesus  Macaques. 

Three  rhesus  macaques  were  inoculated  with  SIV  (MML  6323,  MML  6324,  and  MML  6325).  In 
the  upper  part  of  the  figure  the  sera  were  reacted  with  nitrocellulose  strips  containing  total  SFV 
proteins.  Viral  proteins  were  obtained  from  the  same  SIV  strain  that  was  used  to  inoculate  the 
animals.  The  lower  portion  of  the  figure  shows  results  obtained  when  sera  from  the  same  three 
animals  were  reacted  with  the  synthetic  peptides  PT-1  and  PT-2  (1  gig)  and  the  control  peptide  (1, 
2.  and  3  fig).  The  numbers  on  the  abscissa  indicate  the  date  that  the  sera  were  obtained  following 
infection  as  expressed  in  months. 
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FIGURE  40:  Comparison  of  Amino  Acids  Among  Human  HIV-2  Isolates. 

Amino  acid  alignment  of  the  SIV  sequences  which  correspond  to  PT-1  and  PT-2  with  the 
equivalent  sequence  of  three  HIV-2  isolates.  The  dots  indicate  the  diversity  in  amino  acid 
composition. 
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FIGURE  41:  Reactivity  of  Rabbit  Antiserum  Against  the  Synthetic  Peptide  PT-1. 

Immunoprecipitation  of  metabolically  labeled  total  cellular  proteins  from  the  SIV-infected  human  T- 
cell  line,  HUT  78.  SAIDS  —  serum  from  macaque  6325  (bleed  10)  which  was  infected  with  SIV; 
AIDS  —  serum  from  patients  with  acquired  immunodeficiency  syndrome;  prel  —  rabbit  preimmune 
serum;  anti-PT-1  —  immune  serum  raised  against  the  synthetic  peptide  PT-1. 


FIGURE  42:  Electron  Micrograph  of  the  HIV-2isy- 

The  inset  includes  a  section  in  which  a  budding  viral  particle  from  a  HUT78  cell  can  be  detected. 
Several  mature  virions  with  dense  cylindrical  or  round  core  can  be  seen  in  the  remainder  of  the 
figure. 
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FIGURE  43:  Cytopathic  Effect  of  Human  Immunodeficiency  Viruses  Type  2. 

The  left  portion  of  the  figure  graphically  represents  the  reduction  in  the  number  of  viable  cells  in 
the  culture  after  infection  with  HIV-2istih-z  and  HIV-2isy  isolates.  The  +  symbol  represents  the 
relative  scale  of  syncytia  seen  in  cell  culture  at  3,  5,  8,  and  12  days.  An  example  of  the  size  of 
syncytia  seen  at  day  8  for  both  viral  isolates  is  shown  on  the  right  side  of  the  figure. 
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HIV-2  SBL  SIV  HiV-2  SBL 

Kd  ISY  Kd  Kd  ISY 


NS  C  1  2  F5  3 


FIGURE  44:  Western  Blot  Analysis  of  Viral  Proteins. 

The  left  and  central  panels  represent  the  Western  blot  analyses  of  total  viral  proteins  obtained  from 
disrupted  HlVisy  and  SIV  virions,  respectively.  The  right  panel  represents  an  immuno- 
precipitation  of  metabolically  labeled  HIV-2jsy  virions.  NS  =  normal  human  serum;  1  =  serum 
from  a  macaque  experimentally  infected  with  SIV,  2  and  3  =  sera  from  human  infected  with  HTV- 
2,  c  =  control  mouse  ascite,  F5  =  mouse  monoclonal  antibody  directed  against  the  p24  of  SIV. 
The  molecular  weight  of  the  proteins  was  calculated  with  respect  to  the  migration  of  standard 
markers  from  BRL. 
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FIGURE  45:  Detection  of  Antibodies  in  Infected  Rhesus  Macaques  by  ELISA. 
Virions  from  HTV-2nih.z  were  purified  on  a  sucrose  gradient,  lysed  and  bound  to  a  microtiter 
plate.  The  plates  were  reacted  with  varying  dilutions  of  the  monkey  sera  and  the  immuno- 
complexes  were  detected  using  goat  antihuman  antibodies  conjugated  to  horse  radish  peroxidase 
for  color  development.  The  left  Y-axis  indicates  the  optical  density  obtained  with  a  1:50  dilution  of 
sera  obtained  from  animals  #177,  176,  and  172.  The  right  Y-axis  is  the  actual  titer  of  the 
antibodies.  The  X-axis  indicates  the  months  after  inoculation.  Animals  #177  and  176  were 
infected  with  HIV-2isy  while  animal  #172  was  infected  with  HTV-2nih-Z- 
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3  7  9  12  15 
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FIGURE  46:  Expression  of  Surface  Membrane  CD4  and  CD8  Antigens. 

Direct  immunofluorescence  assay  on  live  cells  using  phycoerythrin-conjugated  Leu  3a  (anti-CD4) 
and  fluorescein-isothyocyanate-conjugated  Leu  2a  (anti-CD8)  monoclonal  antibodies  was  used  to 
assess  the  expression  of  CD4  and  CD8  antigens.  Animals  #177  and  #176  were  inoculated  with 
HTV-2ISy.  Animal  #172  was  inoculated  with  HIV-2Nm  Z.  Animals  #178  and  #179  were  inoculated 
with  saline  and  represent  negative  control  standards. 
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Cleavage  Site 
503 


TTA  AAT  CCC  GAG  GAT  GAA 

L  N  P  E  D  E 


HTV-2  BY 


HIV-2isyi 
After  1  month’s 
passage  in  vivo 

P 


238 


503 


gpl20 


gp41 


CCA 


103  232  414  454  503  745 


CTA  A  AC  AAG  GAC  AAA 

L  N  K  D  K 


HIV-21Sy5 
After  5  months' 
passage  in  vivo 


FIGURE  47.  HIV-2  Envelope  Gene  Heterogeneity. 

Location  of  nucleotide  and  amino  acid  changes  in  HIV-2ISY  after  1  and  5  months  of  infection  in 
Rhesus  macaques.  The  single  letter  amino  acid  codes  were  used  as  indicated:  L=Leucine, 
P=proline,  E=glutamic  acid,  K=Lysine,  N=Asparagine,  D=Aspartic  acid. 
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New  Gene  Name 

Previous 

Name 

MW 

of 

Protein 

Known  Function 

tat 

tat-3,  TA 

p  1 4 

Transactivator  of  all  viral 
proteins 

rev  (Transregulator  of  expression 
of  virion  proteins) 

art,  trs 

p  19 

Regulates  expression  of 
virion  proteins 

vif  (Virion  infectivity  protein) 

sor,  A,  P',  Q 

P23 

Determines  virus  infectivity' 

nef  (retrovirus  inhibitory  factor) 

3'orf,  B,  E',  F 

P27 

Reduces  virus  expression, 
GTP-binding 

vpr  (R) 

R 

7 

Unknown 

vpu  (U) 

U 

p  1 6 

Unknown 

TABLE  1:  Nomenclature  of  HIV-1  Accessory  Genes. 
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Sample 


Supernatants  Removed  from  Molt3 
Cultures  and  Concentrated  x  1 00 

Virus  Concentration  Infectivity 
(panicles  per  ml) 


138,857  3.7  xlO10 


137,743  2.6  xlO10 


120,262  2.9  xlO10 


74,794  2.4  xlO10 


61,383  3.3  xlO10 


Trans-activation 
in  H9  Cells 

Trans-acuvation 
in  Cos-1  Cells 

Mean 

Conversion  (%) 

Mean 

Conversion  (%) 

40.5  ±  3.9 

56.1  ±  19.9 

32.0  ±  6.9 

67.5  ±  28.9 

43.0+  8.9 

62.0  ±  17.5 

54.3  ±  23.9 

37.5  ±  15.5 

29.8  ±  2.5 

47.0  ±  25.7 

TABLE  2:  Infectivity  and  Properties  of  vjf  Mutant  Viruses  of  HIV-1. 

Molt  3  were  infected  with  HIV-1  by  coculturing  with  Cos-1  cells  transfected  with  X.  aS.  3.3,  6.9 
and  153  virus.  The  presence  of  virus  was  assayed  by  Reverse  Transcriptase  activity.  Viral 
particles  were  counted  by  electronmicroscopy.  Transactivation  activity  was  measured  by  co¬ 
transfecting  the  plasmid  along  with  pC15CAT  into  H9  or  Cos-1  cells.  The  resulting  CAT  activity 
was  determined  in  each  case. 
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Day  0 


Day  7 


Day  14 


Day  21 


Day  28 


AS 


lxlO5 

10% 

30% 

28% 

16.0% 

2.0% 

2xl05 

20% 

50% 

23% 

20.0% 

2.0% 

HXB2D 

lxlO5 

10% 

30% 

2.00% 

3.5% 

9.0% 

2xl05 

20% 

40% 

8.75% 

25.0% 

35.0% 

TABLE  3:  Kinetics  of  yjf  Mutant  Transmission. 

Mitomycin-C  treated  Mo!t-3  cells  were  infected  with  virus  from  Cos-1  transfected  cells  (1  x  105  or 
2  x  105).  The  percentage  of  cells  expressing  HIV  p24  was  examined  at  weekly  intervals  by  the 
immunofluorescence  assay. 


Cell-Associated  Versus  Cell-Free  HIV-1  Neutra 
Results  Using  Wild-Type  and  vif  Defective 
Difference  between  Cell-Free  and  Cel 1-Associ at 

1  i  za  ti on 
Clones 
ed  Titers 

Se  ra 

■  HS  01 

HS02 

HS03 

HS  04 

HS05  HS06 

H SO  7 

HS08  H.SB09 

HSl  0 

HSl  1 

HSl  2 

HSl  3 

Vi  rus 

1 

R 

eciprocal  < 

Seometric  Mean  50«  Neutralization  Titer 

III 

16 

1 

16 

1 

16  256 

1 

1  16 

16 

64 

1024 

1 

HXB2D 

4 

1 

64 

1 

1  64 

16 

1  4 

4 

64 

4096 

1 

DA  4 /Xgpt 

SO 

320 

20 

20 

20  5 

1 

1  20 

2  0 

5 

20 

5 

AC4/3.3 

1 

20 

20 

5 

1  1 

1 

1  20 

20 

5 

5 

1 

AEC1/153 

5 

80 

5 

5 

1  5 

1 

1  20 

80 

5 

5 

1 

HS14 

HS15 

HS1 6 

HSl  7 

HSl 8  HSl 9 

KS20 

HS21  KSB22 

KS23 

HS  24 

K  S  2  5 

HS  26 

III 

1024 

64 

4 

4096 

256  1 

256 

4  1 

64 

1 

4096 

4096 

KXB2D 

64 

16 

16 

16 

64  1 

64 

4  1 

16 

*1  u 

a  u 

64 

64 

DA 4 /Xgpt 

5 

3 

20 

1 

5  5 

1 

1  20 

20 

20 

80 

1 

AC4/3.3 

1 

5 

5 

1 

5  1 

1 

1  1 

20 

20 

1 

1 

AEC1/I53 

1 

1 

20 

1 

1  1 

1 

1  5 

80 

5 

1 

1 

TABLE  4:  Cell-Associated  Versus  Cell-Free  Neutralization  of  Wild  Type  yjX 
Defective  Mutants  of  HIV-1. 

H9  cells  were  infected  with  4  times  the  TCID50  of  HXB2D,  HTLV-MB  (III)  virus  or  cocultured 
with  cloned  cell  lines  infected  w'ith  vif  mutant  viruses.  The  cells  were  treated  with  serial  dilutions 
of  various  human  sera  posiuve  for  HIV  to  examine  the  ability  of  these  sera  to  neutralize  virus 
transmission.  Expression  of  virus  was  examined  at  2  w'eeks  post  infected  by  immunofluorescence 
with  anti  HIV-1  p24.  The  dilution  of  serum  which  gave  a  50%  reduction  in  virus  titer  is  expressed 
as  a  reciprocal  geometric  mean  titer. 
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I 

I 

I 


TABLE  5:  Cell-Associated  Versus  Cell-Free  HIV-1  Neutralization  as  a  Function 
of  Progression  to  AIDS. 

Sera  from  a  patient  who  progressed  to  AIDS  and  from  one  who  had  not  progressed  within  4  years 
were  incubated  with  wild  type  or  mutant  viruses.  Serial  dilutions  of  the  sera  were  used  to  infect 
H9  cells.  The  results  are  expressed  as  the  dilution  which  gave  a  50%  reduction  of  virus  titer  as 
determined  by  immunofluorescence  with  anti  HIV-1  p24. 


Mode  of  Transmission 

Cell-to-Cell 

Cell-Free 

Virus 

AC4/AEC1  DA4/Xgpt 

HXB2D  HTLV-niB 

Geometric  Mean  Titers  of  Patients  of  Given  Status 

WR  Stage  2 

1:2  1:6 

1:16 

1:73 

WR  Stage  6 

1:7  1:25 

1:3 

1:2 

TABLE  6:  Cell-Associated  Versus  Cell-Free  HIV-1  Neutralization  as  a  Function 
of  Disease  Stage. 

Sera  from  a  patient  at  Walter  Reed  Stage  2  and  from  the  same  patient  at  Walter  Reed  Stage  6  were 
examined  for  their  ability  to  neutralize  virus  transmission  by  the  cell-to-cell  versus  the  cell-free 
route. 
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Construct  AA  Changes 

in  env 

Replication 

RT/Cos-1 

(Days) 

Transmission 

H9  yag+  Molt-3  pag+ 

(Parental  Clone  -  No  Deletion) 

HXB2D 

-00  +00 

2+ 

+++ 

+++ 

(Mutants  with  Deletions  in  nef  only) 

X330 

-00  +00 

7+ 

+++ 

+++ 

(Mutants  with  Deletions  in  gp41  and  nef) 

X329 

-00  +47 

7+ 

++ 

++ 

X206 

-04  +59 

2+ 

+++ 

+++ 

XiU-i 

-05  +15 

2+ 

+++ 

+++ 

X9-3 

-05  +76 

7+ 

+++ 

+++ 

X369 

-06  +02 

7+ 

+++ 

+ 

X295 

-14  +02 

14+ 

+++ 

++ 

X372 

-15  +04 

14+ 

+++ 

+ 

X429 

-15  +04 

14+ 

++ 

- 

X269 

-17  +02 

14+ 

++ 

- 

X468 

-33  +00 

14+ 

4-4- 

- 

X362 

-37  +18 

14+ 

++ 

- 

(Mutants  with  Deletions  in  the  LTR/PPT  as  well  as  gp41  &  nef) 

X358 

-06  +03 

7+ 

- 

- 

X318 

-06  +04 

7+ 

- 

- 

X204 

-06  +27 

7+ 

- 

- 

X312 

-14  +74 

7+ 

- 

- 

X192 

-17  +11 

7+ 

- 

- 

X189 

-41  +00 

7+ 

- 

- 

X274 

-42  +02 

7+ 

- 

- 

XI 94 

-76  409 

7+ 

- 

- 

(Mutants  with  Deletions  in  tat/rev  as  well  as  above) 

X360 

-87  +32 

- 

- 

- 

X327 

-117+20 

- 

- 

- 

Key:  +  < 

20%  positive  in  culture  after  four  weeks. 

++  > 

20%  positive  in  culture  in  two  weeks  or  less. 

+++  > 

20%  positive  in  culture  in  one  week  or  less. 

TABLE  7:  Replication  and  Transmission  of  C-Terminal  env  Deletion  Mutants. 

Cos-1  cells  were  transfected  with  pHXB2D  (plasmid  containing  the  HIV-1  genome)  or  deletion  mutants  of 
this  plasmid.  Virus  replication  was  assayed  by  testing  for  reverse  transcriptase  activity  in  the  spent 
supernatant  of  transfected  cells  at  2  days  to  2  weeks  post  transfection.  Viral  transmission  was  assayed  by 
cocultivating  polybrene  treated  H9  or  Molt-3  cells  with  transfected  cells  for  two  days,  separating  the  H9  or 
Molt-3  cells,  and  monitoring  for  the  production  of  gag  p24  protein  by  immunofluoresence  of  cells  fixed  in 
acetone  up  to  4  weeks. 
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Virus 

Clone 

Changes 
in  gp4 1 

Particle  Count 
lOH/ml 

RT 

pM/ml/hr 

TCID5o+ 

H9 

MOI++ 

MOLT- 3 

TCID5q+  MOI++ 

HXB2D 

-0  +  0 

1.8 

8.0  x  104 

2,435 

18 

2,048 

22 

X10-1 

-5+15 

1.0 

1.3  x  104 

362 

70 

181 

140 

X9-3 

-5+70 

2.5 

1.9  x  104 

1,878 

31 

861 

72 

X295 

-14+2 

2.8 

3.7  x  104 

235 

300 

49 

1,400 

X429 

-15+4 

2.8 

7.6  x  104 

29 

2,700 

87 

800 

X269 

-17+2 

2.8 

8.1  x  104 

3,158 

22 

558 

110 

X468 

-33+0 

1.9 

4.4  x  104 

49 

910 

54 

870 

X362 

-37  +  18 

0.4 

2.2  x  104 

4,467 

3 

790 

13 

+  Tissue  Culture  Infectious  Dose  -  50%  values  calculated  by  the  method  of  Reed  and  Muench 
from  8  parallel  dilutions:  values  shown  represent  the  reciprocal  of  that  dilution  of  20  (ll  of 
virus  preparation  which  produced  detectable  infection  in  half  the  cultures  (the  TCIDso/ml  may 
be  calculated  by  multiplying  the  figures  shown  by  50). 

++  Number  of  virions/cell  required  to  produce  50%  infection  (5  (il  preparation,  2X104  cells). 


TABLE  8:  Cell-Free  Transmission  of  C-Terminal  £nv  Deletion  Mutants. 

Results  of  titrations  and  virus  preparation  characteristics  are  shown  for  single  virus  preparations  of 
the  selected  clones  indicated.  Particle  counts  were  performed  by  negative-contrast  transmission 
electron  microscopy.  Reverse  transcriptase  values  represent  individual  determinations. 


Clone 

Amino  Acids 
Changed  in  gp41a 

Nucleotides 

Deleted 

Other  Genes 
Affected^ 

RTC 

Production 

Infectivitvd 

H9e  MOLT 

HXB2gpt 

-0+0 

None 

None 

+ 

+ 

+ 

X329 

-0+47 

8370-8601 

nef 

+ 

+ 

+ 

X206 

-4+59 

8357-8564 

nef 

+ 

+ 

+ 

X10-1 

-5+15 

8456-8655 

nef 

+ 

+ 

+ 

X9-3 

-5+70 

8456-8518 

nef 

+ 

+ 

+ 

X358 

-6+3 

8351-8728 

nef/LTR 

+ 

- 

- 

X295 

-14+2 

8328-8627 

nef 

+ 

+ 

+ 

X429 

-15+4 

8326-8601 

nef 

+ 

+ 

- 

X269 

-17+2 

8320-8628 

nef 

+ 

+ 

- 

X468 

-33+0 

8270-8636 

nef 

+ 

+ 

- 

X362 

-37+18 

8259-8579 

nef 

+ 

+ 

- 

X274 

-42+2 

8244-8736 

nef/LTR 

+ 

- 

- 

X194 

-76+9 

8142-8711 

nef/LTR 

+ 

- 

- 

X360 

-187+32 

7809-8537 

tat/re  v/nef/LTR 

- 

- 

- 

X327 

-177+20 

7839-8573 

tat/rev/nef/LTR 

- 

- 

- 

pSV2neo 

N/A 

N/A 

N/A 

- 

- 

- 

TABLE  9:  Summary  of  Properties  of  C-Terminal  env  Deletion  Mutants. 

a  First  number  denotes  number  of  amino  acides  missing  from  expected  sequence  of  HXB2. 
Second  number  denotes  predicted  number  of  additional  amino  acids  until  a  random  stop  codon 
is  reached  after  Bal  31  digestion  and  self-ligation  was  performed  to  construct  mutants  shown, 
b  Additional  reading  frames  affected  by  Bal  31  deletions. 
c  Reverse  transcriptase  activity. 

d  Ability  of  clones  to  infect  H9  and  MOLT-3  lymphocyte  lines  is  shown  in  the  last  two  columns. 

Concurrence  was  seen  in  at  least  triplicate  cocultures. 
e  Able  to  infect  H9  cells  by  coculture, 
f  Able  to  infect  MOLT-3  cells  by  coculture. 
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%  of  Cells  Killed 


VIRUS 

(H9) 

ATH8 

(Molt3) 

HPB-ALL 
(H9)  (Molt3) 

None 

0 

0 

0 

0 

HXB2D 

100 

100 

100 

100 

X10-1 

0 

4 

0 

31 

X9-3 

0 

0 

25 

31 

X295 

0 

65 

0 

50 

X362 

0 

0 

0 

80 

TABLE  10:  Cytopathic  Effects  of  Cell-Associated  Transmission  of  C-Terminal 
env  Deletion  Mutants. 

Infected  cells  (5  x  104)  of  mutant  virus  propagated  in  H9  or  Molt  cells  were  washed  and  added  to  1 
x  106  polybrene  treated  ATH8  or  HPB-ALL  cells.  Cells  were  incubated  in  RPMI-20%  fetal 
bovine  serum  and  viability  was  assessed  at  one  week  by  exclusion  dye  trypan  blue. 
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Mutant 


p24  Antigen 
(Pg) 


fflV-1  RNA 
(cpm) 


RN  A/Antigen 
cpm/pg 


#3 

285 

319 

1.12 

#79 

345 

352 

1.02 

HXB2-gpt 

372 

1,215 

3.27 

H9/HIV-1  (positive  control) 

360 

967 

2.69 

COS-1  (negative  control) 

— 

45 

— 

TABLE  11:  Ratios  of  RNA  to  Antigen  in  Virus  Produced  in  COS-1  Cells  Transfected 
by  Packaging  Mutants. 

COS-1  Cells  were  transfected  with  mutant  viruses  and  viral  particles  were  collected  from  the  supernatant 
at  2  days  post  transfection.  The  amount  of  p24  antigen  in  the  virus  was  determined  by  antigen  capture. 
Virus  specific  RNA  content  was  determined  by  spot  blot  hybridization  with  32P  labeled  HTV-1  plasmid 
DNA.  The  ratio  of  RNA  to  antigen  is  expressed  as  cpm  hybridized  per  pg  p24. 


Mutant 

(Dilution) 

d24A£ 

RNA 

RNA/Ag 

cpm/ng 

Pg 

(1/6,400) 

Total  pg 

cpm 

(1/500) 

Total  cpm 

#3 

.063 

403 

52 

26,000 

64.5 

#79 

.061 

390 

17 

8,500 

21.8 

#82 

.066 

422 

101 

50,500 

119.7 

HXB-2gpt 

.074 

473 

143 

71,500 

151.2 

H9-HIV 

.159 

1018 

286 

143,000 

140.5 

TABLE  12.  Ratio  of  RNA  to  p24  Antigen  in  Cell-Free  Virions  of  Packaging 
Mutant  Virions. 

Stable  strains  of  mutant  virus  were  propagated  in  H9  cells.  The  virions  were  collected  from  cell- 
free  supernatants  of  infected  cells.  The  p24  antigen  content  and  viral  RNA  content  were 
determined  as  in  Fieures  10  and  11. 
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Plasmid 

Description 

20  Minute  Assay 
H9/HIV  Exp.  2 

15  Hr.  Assay 
H9  Exp.  2 

15  Hr.  Assay 
H9  Exp.  3 

SVO 

Negative  Control 

0.0 

0.0 

0.00 

SV2 

Positive  Control 

2.6** 

6.7 

+ 

1.0 

4.60 

± 

1.5 

RSV 

Positive  Control 

18.8 

± 

4.8 

48.4 

+ 

3.41 

55.80 

± 

3.1 

C15CAT 

HIV-1  LTR-CAT 

20.8** 

0.1 

± 

0.04 

ND 

CD12CAT 

H3V-1  LTR-CAT 

88.8 

± 

10.9 

0.7 

± 

0.05 

0.70 

+ 

0.080 

VHHCAT 

HIV-1  LTR-CAT 

92.7 

± 

1.3 

ND 

2.40 

+ 

0.34 

-65 

del.  -65  from  CAP 

32.1** 

0.09 

± 

0.03 

0.00 

-48 

del.  -48  from  CAP 

0.0 

ND 

0.00 

-65E2 

5'-3'  -105  to  -80 

99.1 

•+- 

0.1 

ND 

2.70 

+ 

0.53 

-65E5 

3'-5'  -80  to -104 

99.2 

± 

0.1 

ND 

0.85 

+ 

0.31 

-48E9 

5'-3'  -105  to  -80 

26.7** 

ND 

0.21 

+ 

0.061 

-48E14 

5'-3'  -105  to  -79 

22.4** 

ND 

0.18 

+ 

0.006 

-48E8 

3’-5'  -80  to -104 

53.8 

± 

7.9 

ND 

0.27 

+ 

0.093 

-117 

del.  -117  from  CAP 

97.5 

± 

0.8 

0.4 

± 

0.07 

0.66 

+ 

0.14 

-117  A  BS 

del.  Bgl  II  to  SstI 

0.13 

± 

0.02 

0.2 

± 

0.09 

ND 

-117  A  S 

del.  4  bp  at  SstI 

1.2 

± 

0.3 

16.7** 

ND 

‘‘Transfections  done  in  duplicate  only. 
NDNot  Done. 


TABLE  13:  CAT  Assay  Results  in  T  Cells  (H9)  and  HIV-1  Infected  T  Cells 
(H9/HIV). 

Percent  conversion  of  14C-chloramphenicol  to  acetylated  metabolites  using  lysates  of  cells 
transiently  transfected  with  the  indicated  plasmids.  Cells  used  were  H9,  an  uninfected  T-cell  line 
and  H9/HIV  cells,  the  same  cell  line  productively  infected  with  HIV-1.  Transfections  were  done  in 
triplicate  for  values  showing  standard  deviations. 


Stimulant 

Relative 

CAT  Activity 

Medium  Alone 

1.0 

Ionomycin 

1.7 

PHA 

5.6 

PMA 

8.2 

lat-III 

378.0 

Ionomycin  +  tat-III 

805.0 

PHA  +  tat-III 

3,275.0 

TABLE  14.  The  Multiplicative  Effects  of  T-Cell  Mitogens  and  tat-III  on  HIV 
LTR-CAT  Expression. 

The  relative  amount  of  CAT  expression  in  Jurkat  cells  transfected  with  an  HIV  LTR-CAT 
expression  vector  was  measured  following  incubation  with  a  series  of  mitogens  or  mitogens  plus 
cctransfection  with  an  expression  plasmid  for  tat-III.  The  results  are  expressed  as  fold  stimulation 
relative  to  basal  CAT  levels  with  no  stimulation. 
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HIV-2inih-Z 

-  Retrovirus  Strain  -  - 

HIV-2isy 

SIVmac 

LTR 

632 

732 

800 

U3 

329 

— 

498 

R 

176 

174 

176 

U5 

127 

— 

126 

I 


TABLE  15:  Sizes  of  LTR  Regions  (bps). 

A  comparison  of  sizes  of  the  LTR  icgions  among  HIV-2  and  SIV  retroviruses. 


gag  pol  vif  vp 


tat 


rev  env  nef 


x  vpr 


HIV-2isy/HIV-2Rod 

90 

92 

86 

88 

90 

81 

... 

80 

79 

HIV-2nih-z/HIV-2rod 

92 

91 

86 

78 

69 

85 

86 

80 

... 

HTV-2mh-z/SIVMac 

82 

75 

64 

— 

... 

63 

59 

70 

... 

HIV-2Nih.z/HIV-  1 

52 

54 

28 

— 

37 

29 

34 

35 

... 

SI  Vm  ac/HI  V-2rod 

82 

76 

64 

... 

— 

... 

... 

70 

56 

SIVmac/HIV-1 

51 

53 

24 

... 

— 

... 

... 

34 

34 

HIV-2ROc/HIV-1 

52 

55 

28 

... 

— 

— 

— 

35 

20 

—  =  Not  Done 

TABLE  16:  Amino  Acid  Homologies  of  HIV-2  and  SIV  Viral  Proteins. 

Percentage  of  amino  acid  homology  among  various  HIV-2,  HIV-1,  and  SIV  retroviral  isolates. 


HIV-2nih-z 

HIV-2rod 

SIVmac 

HIV-1 

(HTLV-niB) 

EIAV 

VISNA 

HTV-2nih.z 

100 

96 

80 

67 

29 

24 

HIV-2rod 

96 

100 

88 

68 

28 

25 

SIVmac 

88 

88 

100 

66 

29 

26 

HIV-1  (HTLV-HIB) 

67 

68 

66 

100 

29 

26 

EIAV 

29 

28 

29 

28 

100 

29 

VISNA 

24 

25 

26 

26 

29 

100 

TABLE  17:  Amino  Acid  Homology  of  the  Major  gag  Proteins  (p24/28). 

Percentage  of  amino  acid  homology  among  various  retroviral  isolates. 


gag 

pol 

vif 

env 

HIV-2isy/HIV-2rod 

11 

9 

16 

13 

20 

HTV-2isy/HIV-2nih.z 

12 

10 

18 

19 

20 

HIV-2NIH.Z/SIV-2ROD 

8 

9 

14 

17 

20 

HIV-2,  sy/SIVmac 

18 

26 

37 

16 

31 

HIV-2nih-z/SIV  mac 

18 

25 

36 

24 

30 

Hrv-2RoD/srvMAc 

13 

17 

27 

15 

30 

TABLE  18:  Amino  Acid  Sequence  Divergence  of  the  HIV-2  and  SIV  Isolates. 

Numbers  represent  percentage  of  amino  acid  difference  amoung  the  proteins  of  the  HIV-2  and 
SIVmac  isolates. 


Monkey  and  Human  Sera 


Reactivity  to  the  Synthetic  Peptides  (PT-1,  PT-2) 

I  - - - - 


Spe  ci es 

Numbe r 

Tested 

Numbe  r 

Infected /Uninf  ected 
(Western  Blot) 

Number  of  Animals 
Reactive  to 
PT-1  and  PT-2 

African  green 
monkeys 

17 

17/0 

0 

Tala  poin 
monkeys 

6 

3/3 

0 

Macaques 
(Experimental  ly 
infected ) 

6 

3/3 

2 

Eaboons 

(Expe  r i me  nt  al ly 
infected  ) 

3 

3/3 

0 

Humans 

7 

3/2 

0 

TABLE  19:  Monkey  and  Human  Sera  Reactivity  to  the  Synthetic  Peptides  (PT-1 

and  PT-2).  „  i 

Only  two  macaques  out  of  three  experimentally  infected  monkeys  were  reactive  to  peptides  r  l  - 1 
and  PT-2.  None  of  the  other  monkeys  or  humans  were  reactive  against  these  peptides. 


Davs  in  Culture 


1  5 

6  i 

12 

KT-2  7.  1FA  posi  tive 

1 

ND  : 

i 

:o  ! 

7  n 

RT 

16 

16 

29 

Svnct i a 

+ 

*+ 

-r-t- 

7.  Viable  ce i i s 

80  1 

61 

47 

CL55  7.  IFA  positive 

ND 

i 

10 

25 

RT 

6 

28  i 

14 

Svnct i a 

+ 

t-+ 

-H-  + 

7.  Viable  cells 

70  i 

40 

36 

CFM  7.  IFA  positive 

ND 

, 

4 

i 

18 

RT 

7 

9  ! 

12 

Syncti a 

- 

+ 

+ 

7.  Viable  cells 

96 

76  j 

71 

HUT 7 8  7  IFA  positive 

2 

4 

18 

RT 

13 

10 

36 

Syncti a 

- 

1 

■j  4 

7  Viable  cells 

90  i 

71  1 

50 

U937  7.  IFA  positive 

3 

ND 

12 

RT 

6 

76  | 

41 

Syncti a 

1  “ 

:  nd 

ND 

7.  Viable  cells 

85 

78  | 

71 

H  9  7.  IFA  pos  i  tive 

ND 

10 

20 

RT 

IE 

ND 

90 

Syncti a 

~ 

7.  Viable  cells 

83  1 

62 

41 

MOLT  3  7.  IFA  positive 

ND 

5  ! 

15 

RT 

9  j 

16 

49 

Synct ia 

i 

--  1 

-r-H- 

7  Viable  cells 

7  7  i 

53  1 

^  3 

IF  A 
RT 

Syncytia 
7  Viable  cells 


inaunof luorescence  assay 
cpa  x  10J 

+ 

percentage  of  cells  that  do  not  incorporate  Trypan  blue 


TABLE  20:  Infectivity  of  the  HIV-2isy  Isolate. 

HTV-2isy  infected  the  HTLVOI  transformed  T-cell  line  MT-2,  the  T-cell  clone  55  immortalized  line, 
and  the  CEM,  Hut78,  Molt3,  H9,  and  U939  neoplastic  cell  lines.  The  highest  cytopathic  effect 
were  obser\’ed  in  the  HTLV-I  infected  cells  and  in  the  H9  cells. 
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Jurkat 


RT 

Synctia 


Hut78 


RT 

Synctia 


U937-16  RT 

Svnctia 


RT  =  cpm  x  103 
Syncytia  =  + 


Days  in  Culture 


7 

11 

14 

12 

70 

213 

++ 

+++ 

+++ 

20 

176 

155 

+ 

+ 

+++ 

8 

80 

279 

TABLE  21:  Infectivitv  of  the  HIV-2sbL6669  Viral  Isolate. 

The  parental  virus  HIV-2sbl6669  infects  Hut78,  U937  clone  16,  and  Jurkat  T  cells.  The  highest 
cytopathic  effect  is  observed  on  the  Jurkat  and  U937-16  cell  lines. 
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ANIMAL 

NUMBER 

MONTHS  AFTER 
INOCULATION 

hiv-2n,h-z 

HIV-2  iSY 

172 

0 

(before  inoculation) 

- 

- 

2 

1:155 

- 

4 

1:145 

- 

5 

1:90 

- 

176 

0 

- 

- 

2 

- 

- 

4 

- 

- 

5 

- 

- 

7 

- 

- 

177 

0 

- 

- 

2 

- 

- 

4 

- 

- 

5 

- 

- 

17 

- 

- 

TABLE  22:  Neutralizing  Antibody  Titer  in  the  Infected  Rhesus  Macaques. 

Rhesus  macaques  were  infected  with  HIV-2nih.z  (#172)  and  HIV-2i$y  (#176  and  #177). 
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